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Translated for the Journal of the Franklin Institute,

Theoretical Formulce for the Movement of Air in Conduit Pipes. By
Gen. A. Morin, Academy of Sciences of Paris.

In the work upon the Steam Engine which I had the honor to pre-

sent to the Academy of Sciences in 1843, I had, among other ques-

tions, treated of the movement of steam from its issuing from the

boiler until its entry into the cylinder. The application of the prin-

ciple of living-forces and of the rules admitted to estimate the influ-

ence of the various circumstances which the circulation of this fluid

presents, to a steam engine established in the shops of the Message-
ries Royale, had moreover shown me that the results of experiment
were as conformable to those of theory as one could hope for in such
investigations.

As I have been induced for some time past to occupy myself with

questions which are connected with the movement of elastic fluids, and
especially with that of air in ventilation apparatus, I thought that

whilst it was indispensable to consult experiment, it was also neces-

sary to ask of Science, rules which might guide us in the establishment

of the apparatus. I was thus led to seek for the means of establishing

the formulae for the movement of air, applying to it the principle of

living-forces or of the transmission of work, according to the rules in-

dicated by Borda, and developed by M. Poncelet in his lectures at the

School at Metz.

Vol. XLIV.—Thied Series.—No. 1 July, 1862. 1



4 Civil Engineering.

In this work, of wliicli I propose to give to the Academy an ana-

lysis as succinct as possible, I begin by establishing the equation of

the transmission of work, taking into consideration all the losses of

living-force which can be produced in the air-conduits, and of the work
consumed by the passive resistances.

This question has also been treated, partially at least, by a distin-

guished physicist whose still recent loss. Science regrets ; but beside

the fact that he did not complete the solution, he committed errors in

the mechanical part of the question which it is important to rectify.

In the movement of the air through the pipes of the apparatus for

warming and ventilation, where recourse has not been had to machines,

the motive force is due only to the difference of the pressures, densi-

ties, or temperatures, and after finding the expression for them we
must equate it to all the losses of living-forces which may be produced
added to the work consumed by the resistance of the walls.

The losses of living-force are or raay be very numerous, but we have

rules for calculating them. It will be sufficient if I enumerate them.

They are produced

—

1st. At the entrance of the pipe in consequence of the contrac-

tion there, which is scarcely ever avoided. The expression is (as is

known) of the form M [ 1 ] u^; m being the mass of air passing

in 1 sec. ; u the mean velocity in the pipe ; m the co-efficient of con-

traction at the mouth.*
2d. At leaving the chimney or pipe, the air possesses a living-force

which is not utilized, and which is greater in proportion as the orifice

is more contracted.

3d. When the orifice of entry of the air into the pipe, has a section

notably smaller than that of the pipe, the loss of living-force after

passing this orifice may be very great. This happens especially when
the air has to pass through a grate loaded with fuel.

4th. Every bend also produces a loss of force, and when there are

several the loss may be sensible.

5th. The meeting of two currents often produces an analogous

effect.

6th. Every enlargement of a pipe has also an influence of the same
kind.

7th. As to the resistance of the walls, we know how to express the

work which it absorbs ; but up to this time the constant co-efficient

which enters into this expression has only been determined by the ex-

periments of Girard and of d'Aubuisson, made on pipes of polish-

ed sheet iron, and a value has been admitted for this co-efficient

^= 0-0031.

The experiments of the late M. Darcy on the movement of water

in conduit-pipes having shown that the presence of the slightest de-

* This is the proper place to remark that Mr. Poclet in the formula given in his od edition, p. 114, sup-

poses that this loss is expressed by M . —^ v', which leads to a serious error, and is reproduced in the most

of bis other formula;.
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posits, such as would diminisli the polish of the surface, might triple

the value of the analogous co-efficient in water, it is natural to think
that the wrinkled surface of pipes of masonry (such as the air flows

through in such apparatus), such as are now in question, may have an
analogous influence. This is also sufficiently shown by the experiments
of M. Peclet.

Taking into consideration all the circumstances of the movement of
air, we find for the expression for the volume of air at the temperature
of the chimney, which is discharged in one second , by a pipe or by a
chimney, under the sole action of the difference of densities, a formula
of the form

Q^ An = A

/D d\ „ (/— T)H
'\ d J ^ 1 + fflT

L/8

Where Q represents the volume of air which escapes in 1 second ; in .

cubic metres.

A the mean section of the chimney.

u the mean velocity in that section.

D and T the density and temperature of the external air."

d and t
" " of the air in the

chimney.

a 0-003665 the co-efficient of dilatation of air.

m the co-efficient of contraction at the entrance of

the chimney.

A
J
and Wj the area and co-efficient of contraction for the

exit from the chimney.

a' and m' the area and co-efficient of contraction for an ori-

fice of entrance differing from the section of

the chimney.

m" 0-65 a co-efficient of contraction for an elbow.

the area of a passage greater than that of the

chimney.

S and L the perimeter and length of the pipe whose sec-

tion is A.

/3 the co-efficient of friction of the air against the

walls.

Many of the terms in this formula may be repeated a number of

times, others may not exist ; according to the arrangement of the

pipes.

In seeking to appreciate the influence of the various terms which
enter into this expression, we recognise at once, as was evident a prioriy

that the volume of air q, at the temperature of the chimney, which can
pass through the pipe is nearly directly proportional to its transverse

section, and as we may almost always control this section, there re-

sults a great facility for obtaining such results as we may desire.

As to the numerator of the fraction which is under the radical, it
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shows that the velocity in a pipe increases only with its square root,

and consequently less rapidly in proportion as it is greater.

This numerator having for its value

^ /D — 5\ „ (t— t)h
-^

\ d I ^ 1 + aT

it is seen at once that it increases ; 1st, proportionally to the square

root of the height of the chimney (or orifice of discharge) above the

entrance opening, which was known before : 2d, proportionally to the

factor
:j

, and that the height H of the chimney being once de-

termined, if we wish to make the velocity of the air nearly constant,

this factor must have the same value whatever be the external tem-

perature T.

In the applications to ventilation where the temperatures of the ex-

ternal air are most frequently such that the term 1 + a T differs little

from unity,* it will be seen that we may always secure the same velo-

city and consequently the discharge of the same volume of air at the

temperature of the chimney, by maintaining the excess of the tempe-

rature of the chimney over that of tiie external air, constant.

Whence results this practical rule, very simple, but only true within

certain limits :
" To obtain in a given and established system of venti-

lation by draft, the discharge of the same volume of air whatever may
he the variations of the external temperature, it is necessary and it is

sufficient to regulate the working of the heating apparatus, so that the

excess of the temperature of the air in the chimney over that of the

external air may be constant."

This rule is in accordance with a great number of experiments.

As to the denominator, all whose terms are positive, it may in cer-

tain arrangements of the pipes acquire a value sufficient to diminish

materially the velocity of discharge.

By introducing into it numerical values and by supposing between

the sections of the passages ratios which are frequently met with in

practice, I have shown that in quite common circumstances the velo-

city of discharge may be reduced to one-fourth of the value which it

would have if these causes of loss were suppressed, and that often it

does not exceed one-tenth of this value.

I have just said that the practical rule which I announced was only

true within certain limits: in fact, the volume of air discharged by the

chimneys to which it applies, is not that which it is important to ren-

der constant in ventilating apparatus. This volume is that of the warm
yir which is discharged by the chimney, while the volume of air which

assures the yentilation of inhabited buildings is that which is intro-

duced to replace the vitiated air discharged.

*= It is nccessarj' to notice here a fault of considerable gravity in tbe formula of M. Peclet. This ph;8iei«t

in his 3d edition, Tol. ii. p. 37, introduced into tbe numerator the factor
^ ^^

in place of -, which

if applied to chimneys in which tbe air ia itrongly heated, might lead to important erroru.
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Kow, it is easy to see that this latter volume, which is at a tempera-

ture T lower than that of the chimney [t), is less than the first in the

1 -|- Cl T
ratio, ^j

—

, whence it results that its^ expression is
J. —j~ Qi t

«' =A^l±fily2-7^J t— T

K ^ \{l-{-aty

and that it is susceptible of a maximum corresponding to the value

t =

1TT1 • 1 . • , A a n
Which maximum is Q'= - \|^7-,

K representing the radical which forms the denominator of the pre-

ceding equation for the value (q) of the air at the temperature t.

This maximum value for the effect of a chimney has this remarka-

ble about it, that its value is absolute and completely independent of

the disposition and arrangement of the apparatus : if the temperature

of the external air is 0° Cent, this value is 272°
; if T=10°, t=282° :

and these values are nearly those of the mean temperatures which are

established in the chimneys of well constructed steam engines.

Influence of the Section of the Chimney on the Economy of Fuel.—
The size of the transverse section of the chimney has not only a favor-

able influence on the velocity of discharge, but it also has a much more
direct and preponderant one on the volume of the air discharged, and
this has a notable influence on the economy.

In fact, as the volume of air evacuated from the rooms to be venti-

l X
lated, increases only with the square-root of the factor ,-—^ -, whilst

'' ^
(1 + a ty

it increases in proportion to the mean transverse section of the chim-

ney, it is easy to see that whilst an increase of temperature from 20°

to 80° augments the volume of air at 10° drawn in only as 1 to 2-19,

we should obtain nearly the same increase by doubling the section of

the chimney. But this last method would be only an expense to be
submitted to once ; whilst the increase of the temperature of the air

from 10° to 20° and from 10° to 80°, would increase the expenditure

of fuel in the ratio of 10 to 70, whilst the effect of ventilation would
increase only as 1 to 2-19.

There is therefore a great advantage in employing chimneys of

large section and moderate temperatures to obtain the effects of venti-

lation by draft.

It must however be remembered, that the stability of the ventilation

requires that the velocity in the chimneys of discharge shall not be
less than 2 m. or 2-5 m.

Application of the Theoretical Formulae to different eases; mid
comparison of their results with those of observation.—After having
explained the rules to which theory leads,—passing to the application

of the general considerations to several peculiar cases, I examine in



8 Civil Engineering.

tlie first place that of a straight chimney under ordinary conditions,

and I come directly for this simple case to the following formula

:

u = 0-9544
J)ll{t— t)/Dn_(

16-11 d'

which expresses the mean velocity in the vertical pipe of a chimney in

functions of its dimensions and of the difference of the interior and ex-
terior temperatures.

Now in seeking to modify, by the discussion of a great number of
observations, a formula given by M. Peclet in the 1st edition of his

Traite de la Chaleur, the inaccuracy of which this physicist had since

recognised, a skilful practical man, M.Guerin, engineer for the house
L. Duvoir-Leblanc, reached the following rule

:

VDH
L-

{f-

l+ IGd '

which is, so to speak, identical with that to which the principle of

living-forces leads.

Comparison of the different arrangements employed to produce the

draft of the vitiated air.—Among the different means of determining
the movement of the air in draft-chimneys, there are two which have
been applied in many large establishments, sanitary and others.

In the one, the furnace which excites the draft is established in the

upper part of the building ; this has received with more or less cor-

rectness, the name of draft from above.

In the other, the furnace is established in the cellar of the building,

and all the vitiated air to be extracted is brought there by descending
pipes ; it may be called, draft from below.

Between these extremes there was a third which it was desirable to

study, and which consists in placing the furnace on the same level with
the air to be extracted ; this, in imitation of the names which we
have mentioned, may be called draft from the level. This system has
been employed in the Polytechnic School, and has just been introduced
into the offices of the Northern Railroad.

By applying to these three systems the considerations which we
have mentioned, and supposing them of equal proportions in all other

respects, we are able to calculate the velocities of the discharge of the

air from the different stories of the same building ; and according to

the data which we have admitted for the three cases, we have been
able to form the following table, which permits the appreciation of the

effect of these three systems.

Velocity of the discharge of the air.

Draft from below. Draft from the level. Draft from above.

Basement,
First story,

Second story,

2-593 metres.

2-508

2-431 «

2 684 metres.

2 450 "

2-119 «

2-251 metres.

2-144

1-994 "

* III the formula of Peclet, and coiisequontly probably here, L expiosses the length of the flue which
opens into the chimney below, the diameter of which is suppwsed equal to that of the chimney, d is tho

length of the side of the chimney supposed square, t and t, ns Oefoic. ED. r. i. J.



Movement of Air in Conduit Pipes, 9

This table shows that, of the three systems of draft indicated,

according to the hypotheses, and with the same numerical data nearly

approximating to the circumstances which may present themselves in

practice, that in which the air drawn out is heated on the level of each

story, will cause, for the same expenditure of heat, a rather greater

velocity for the basement, about the same for the first story, and a

little less for the second story, than that in which the draft is pro-

duced from below. As to the system in which the furnace is placed

aboi^e the stories to be ventilated, it will cause, as was to be expected,

velocities in all the cases rather less than the other two systems.

The system of draft from the level appears therefore to be the mosu

advantageous of the three : its superiority and that of the draft from

below over that of the draft from above is to be entirely attributed to

the fact that in the two first systems, the heights of the discharge

chimneys permit more advantage to be taken of the specific levity

given to the air : but it must not be forgotten that, as the walls of the

chimney cool the air which passes through them, the velocity may
thus be diminished and the advantage of this arrangement somewhat

reduced.

However this may be, it appears to me to result from this discussion

that the system of draft from the level ought to be preferred to the

two other systems; its introduction presents no difficulties of construc-

tion, and according to the examination of the proposals for the offices

of the Northern Railroad, it appears to be both more economical in

cost of construction and of daily expenditure : the great height of the

chimneys must also give great stability to the effects.

Introduction of the External Air hy the Heating Apparatus.—By
examining in a theoretical point of view the conditions of the intro-

duction of air by hot-water apparatus, into the wards of the Hospital

Lariboisiere, and introducing the data from observation into the for-

mulge obtained, we obtain the following results

:

The temperature of the air furnished by the stoves being respectively

32°, 26°, 22°, 21° (Cent.);

the values of the velocity of inflow of the air into the wards were found

by the formulae, 1-29 met. ; 1-21 met. ; 1-18 met. ; 1-17 met. per second,

by experiment, 1-14 " ; 1-04 " ; 1-13 " ; 1-15 " "

If we take into consideration the uncertainty which may exist as to

the dimensions and especially the obstacles sometimes inevitable, such

as mere spider-webs, which are too often found in the conduits and

Btove-pipes, it will be without doubt admitted, that the accordance of

the formula with experiment is at least sufficiently satisfactory to allow

of its being taken, with some latitude, for an approximative rule for

the arrangement and proportions to the apparatus in analogous cases.

The formula which is applicable to the cases just mentioned shows

this remarkable circumstance, that the temperature of the air which

traverses the stoves, which, it may be remarked, is very moderate, has

much less influence over the velocity of that air during heating thaja
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the air of the ward at its normal temperature. This is the consequence

of the slight height given to the stoves.

This result shows the necessity of giving to the stoves as great a

height as possible.

As to the introduction of the air in summer, the same formula shows

the insufficiency of the orifices offered by the stoves, and I recall in

my Memoir the easy means of remedying this, which I had already

noted on other occasions.

Application to the Apparatus for Ventilation ly Draft of the Hos-

pital Larihoisitre.—The work which I present to the Academy con-

tains, moreover, a complete application of the principles exposed, to

the effects of ventilation which are produced in the wings of the Hos-

pital Larihoisitre which are ventilated by draft. It is known that

each one of these wings has three stories, each composed of a ward
containing thirty-two beds, and a small chamber of two beds. The
vitiated air is drawn off from the wards of each story by nineteen

discharge-chimneys, which unite under the roof at the base of a gene-

ral discharge-chimney, in which is the reservoir of hot water intended

to stimulate and regulate the draft.

Taking into consideration all the circumstances of the movement
of the air in these complex circulations, the mean velocity of dis-

charge in the general chimney may be calculated, and we thus obtain

a formula into which, introducing the data of observation of five ex-

periments made, the first two in the winter season, when the tempe-

ratures of the external air were —5° and —2° (Cent.), and the last

three in summer, at an external temperature of 18-3° (Cent.), then

comparing the results of calculation with those of direct experiment,

we reach the following results :

—

Temperatures of the air. Velocity in the chimney.

External. Wards. Chimney. Formula. Experiment

llth January, 1861,

20lh

31st August, 1861,

—5° Cent.
—2

18-3 )

15° Cent.

15
21-5

22

22

19° Cent.

18
38-1

41-2

40-9

1-465 met.

1-334 "

0-949 "

1051 "

1-041 «

1-39 met.
1-24 "

0-95 "

094 «

107 «

The examination of these results shows that, even for cases as com-

plex as those here considered, the principle of living-forces or work,

leads to formulae which accord as well with practice as could be ex-

pected in such applications.

This comparison also shows the enormous influence exerted by the

losses of force and resistance of the walls, upon the effects which the

difference of temperatures would naturally produce. These two causes

conjoined reduce the velocity of discharge in the chimneys to about

0*33 of what it would have been if they could have been avoided

;

which shows the importance of all the arrangements which diminish

these effects which, however, cannot be entirely got rid of.
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Finally, the applic<ation of which we have discussed the results,

shows that in the denominator of the fraction placed under the radi-

cal of the expression for the velocity, the term which depends on the

loss of living-force enters for 0*864 of its value, and that arising from

the resistance of the walls to 0-136 only; which shows the importance

of avoiding complicated circulations.

Application of the Discussion of the Experiments made at the Con-

servatoire DES Arts et Metiers.—Besides the application of the

theoretic formulfB to the practical apparatus for the circulation of air,

others were made for the discussion of the direct expei'iments which

M. Tresca and myself had executed during an investigation into the

chimneys of steam engines.

These experiments, which we propose to resume immediately, were

tried under three different conditions :

—

1st. Upon a zinc chimney of 0-21 m. diameter and 11 metres high,

entirely open at its two extremities, and under which were successively

lighted' one, two, three, and four gas-lights.

2d. Upon the same chimney surmounted hy an elongated conical

ajutage, of which the upper opening was made to vary by cutting it

off, and giving to it successively the diameters 0*10 m.; 0*14; 0*18;

0-21.

3d. Upon a cylindrical chimney of 0-25 m. diameter, surmounting

a very conical base placed over a chandelier of 34 burners, and ter-

minated by a conical ajutage, the edges of which were inclined 45° to

the axis, and which had successively diameters of 0-210 ; 0-200

;

0-180; 0-158; 0-182; 0-115; and 0-080 metres.

In all these experiments, were observed, the external and internal

temperature range and the velocity of the air in the pipe, or at its

upper termination ; the results of these observations were compared

with the theoretical formula

y ^ I

2ga^{t—T)
^

'

This comparison shows that, in these three series of experiments,

the results of observation follow as in the preceding cases, the law of

the formula. But as this formula does not take into consideration the

losses of heat produced by the thin metallic walls of these chimneys,

it is necessary in every case to apply to it a co-efficient of reduction,

the mean value of which differs very little from 0-8 ; which shows

within what limits the exactness of the theory explains the natural

effects.

If the difiiculties of the question and the uncertainties of the ob-

servations are taken into consideration, and if it be remembered that

the greater part of the theories of applied mechanics, and especially

that of water-wheels, often do not offer so regular an agreement with

observation, it will be no doubt admitted that the formula which we
have reached, may be employed in the study of ventilation with as

great a degree of exactness as the requirements of the art demand.
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CrrapJiic Representation of the Formulce and of the Experiments.

—When we remark, moreover, that for each peculiar arrangement in

which the material data remain the same, and for a determinate mean
external temperature, the preceding formula may be put under the

form v'^ = n(^— t) ; which is the equation of a parabola, or more
simply, that of a straight line passing through the origin of the co-

ordinates, the abscissae of which are the difi'erence of temperatures

[t— t), and the ordinates, the squares of the velocities. It may be

concluded that, as this straight line may be determined by means of

a single well-made observation, we shall thus have, by graphic con-

struction, all the velocities corresponding to the different temperatures,

and reciprocally ; which conclusion will permit us to solve, without

calculation, several interesting questions of application.

Conclusion.—It is seen by this analysis of the researches which I

have the honor to present to the Academy, that the application of the

principle of living-forces, or of the transmission of work to the move-
ment of the air in chimneys, or apparatus for ventilation by draft,

leads to formulae which, in very different cases, are found in accord-

ance with experiment. These verifications are relative :

—

1st. To the practical formula which observation had led M. Guerin

to adopt for ordinary ventilation-chimneys.

2d. To the introduction of hot air by the stoves of the wings of tbe

Hospital Lariboisiere, heated by the circulation of water.

3d. To the ventilation in general of these wings, both in winter and
summer.

4th. To three sets of direct experiments made on metallic chim-

neys.

From this general accordance of the formulae with the results of

experiment, it appears, therefore, allowable to infer, that we may,
without fear of notable error, calculate beforehand the effect of differ-

ent systems of ventilation by draft, and deduce laws which will be
useful in building.

—

Comptes-Rendus de VAcademic des Sciences,

24th February, 1862.

)8
Preserving Timber.

From Herapath's Railway Journal, Xo. IIS".

An experiment which, if successful, will effect much in preserving

ships of the Imperial navy from the dry rot, has just taken place at

Cherbourg by order of the Minister of Marine. Since the introduction

of steamships of war the Government has observed with regret the

rapid decay of the timbers in new ships. After a careful exaimnation

it has been ascertained that this decay arises from the impossibility of

leaving a new ship on the stocks for several years, as formerly, when
sailing ships were built. The timber, consequently, is not sufficiently

dried, and is more liable to fermentation, and afterwards to dry rot.

M. de Lapparent, holding a high position as a naval constructor, has

addressed a report on the subject to the Minister of Marine, and has

proposed a remedy. The remedy he relies on is the carbonization of
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the timber used in shipbuilding. The manner in which he proceeds to

carbonize the timbers, and the secret which he retains for his own
profit, is by employing inflammable gas, which is applied to the tim-

ber in the same manner as water is directed against a house on fire.

It is said that the experiment made at Cherbourg in presence of M.
Sochet, director of naval constructions, was completely successful.

One essential advantage of the plan is the absence of all danger,

which is a chief point in an arsenal. It is estimated that the expense
will not exceed 10c. the square yard—gas and labor included. It has

been further ascertained that one workman can easily carbonize 40
square yards during a day's work of 10 hours. Finally, the carboniza-

tion is uniform, and it does not exceed a quarter of a millimetre in

thickness. It is expected that so simple and so cheap a process will

be generally adopted in shipbuilding.— Times.

[A method of charring and preserving timber by high pressure

steam, if we recollect it correctly, was mentioned in this HerapatK

8

Railway Journal, the invention of a Frenchman or foreigner, many
years ago.—ED. H. r. j.]

For the Journal of the Franklin Institute.

Papers on Kydraulic Engineering. By Samuel McElroy, C. E.

(Continued from vol. xliii. page .366.)

No. 1.

—

Reservoir Construction—(Continued).

The general theory of embankment reservoir construction presented,

involves a certain chain of details, each connected with, and to a cer-

tain extent dependent on, the other. The basis of the structure, on

which the superincumbent weight is placed, must be firm, the banks

must be built so as to guard against settlements and slides, the pud-

dlings must be compact and solid, or the slope walls and top angles

will lose their lines of symmetry, and to some extent their usefulness.

This brings us to a theory which does not seem to be as fully ad-

nitted and promulgated as is desirable, viz : that correct engineering

lience ought to be able, so to erect and join together, these several

^nks of the chain, that the proper result may be obtained as a rule,

Dringing failures within the class of exceptions. In other words, that

as to this special department of construction, as in others contingent

on the same law of design and execution, engineering ought to take

rank as a profession endowed with control of exact results, and not

as a calling, which naturally disclaims infallibility. Without denying

then the argument, that each distinct construction is subject to local

peculiarities of material, we assert the doctrine, that the workmanship

should overrule and insure their proper combination. To build any

engineering structure with an implied reservation for defects in its

progress or use, is a custom to be distinctly condemned. While we do

not therefore propose here to give any rules for universal application,

some allusion to methods which have secured satisfactory results, will

illustrate in a brief way some of the links in this chain of construction,

Vol. XLIV—Third Series.—No. 1.—July, 1863. 3
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as applied to embankment reservoirs with artificial slopes, and -with-

out regard to mathematical questions of stability in form.

Earth-work.—It rarely happens that a reservoir is so located as to

require an embanked base for the whole structure ; there is a case at

Cleveland, and it certainly requires great care in formation, although

a uniform settlement after the water is introduced, may obviate any

injurious effects, realized when such settlement is not uniform. Here

the general rules for the embankment walls also apply, which may be

thus stated :

—

All vegetable soil should be carefully removed from the proposed

base of the embankment, nor should the foot of a slope be carried over

spongy and compressible material.

Where work is partly in embankment and partly in excavation, it

is best to build the heaviest banks first, so as to give them time for

their additional settlement.

The section of the bank should be carried up entire, and not bisect-

ed by walls or pyramids of other material.

For the outer slope inclination, the sharpness in rate may be varied

with clay, gravel, and sand in their order, flat slopes being relatively

objectionable.

For the outer slope there are some advantages in the use of sod-

ding, but seeding properly done will answer the purposes of protection

from wash, &c.

The top should have a drip from the inner angle towards the outer,

and the former should be protected by coping ; for the other, the sod

line should be returned on the top from the slope.

No banks should be built with a heavy dump, but in thin, level

layers, somewhat modified in thickness to suit the material. For gra-

velly earth, about nine inches, less for clay, more for sand. Unless

the "lead " is so great as to require the use of teams, carts are better

for consolidating the layers. Water is objectionable for clay, of no use

for gravel, though beneficial for sand. Rollers are also objectionable

for both the former. In a case of a gravel embankment partly con-

structed with the use of water and rollers, I have found distinct water

seams formed between each layer, which would operate badly under a

reservoir head. In a case at Ridgewood Reservoir, where it was neces-

sary in the winter to cut through part of an artificial bank, and to use

gunpowder in blasting on account of its solidity, the smoke was ob-

served to follow these seams for several feet on each side of the cut.

In side and end filling on slopes, benches should be cut. All slopes

should be crowded or over-filled, so as to trim down to form, when the

face is to be finished for protection from the weather, and thus obviate

the effects of wash.

No slope lining should be built on the inner slopes until experiment

has shown that their settlement is complete, a result which can be de-

termined with proper care.

The inner slopes must be protected from contact with the reservoir

contents, by water-tight facing.

Walls of masonry, as far as possible, should not be connected with
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the banks, until the latter have come to their bearing ; and water pipes

leading from them shoukl be protected by arches, or otherwise, from

the effects of settlement by their back-fill.

These are some of the prominent processes in construction which
insure stability.

Questions of stability are so fully guarded by the ordinary condi-

tions of section, which is controlled by convenience of top bank width

and slope angle, as to need no discussion. The principal defects are

settlements after final construction of slope walls, slides, and leakage,

and these may be obviated on smaller sections than convenience and
effect suggest. For the enormous thrust of the water prism, the coun-

teracting weight of the section is modified by its form and its material,

sand, gravel, and clay having relative weights per cubic foot of 95,

124, and 165 pounds, as compared with water at its maximum weight

of 62-382* pounds, and being therefore largely in excess.

Puddling.—A mixture of clay and gravelly earth is better than

pure clay. What is known as "hard-pan" is a specimen of natural

puddling. At Ridgewood, in making 82,150 yards, 44,000 of clay

and 51,500 of gravel were used, the shrinkage being about 14 per cent.

The materials were carted or wheeled on in thin alternate layers, to

an aggregate depth which would work down to about 8 ins. for each

general layer, gangs of men being employed in spading and mixing

them. As little water was used as possible, to prevent the effect of

subsequent shrinkage by evaporation. Some engineers make their

puddling entirely dry, preferring material which will work close, and

their theory is undoubtedly correct, as to the prevention of settlement

and fissures. But gravel is always an improvement in mixture, and in.

certain forms of puddle walls, they may be more advantageously work-

ed with a limited use of water. The object is to obtain a compact, im-

pervious, homogeneous mass, not only to prevent filtration, but to dis-

tribute weight uniformly over the sustaining slope or bottom earth-

work.

It is a difficult matter to make puddling tight at the joints, when
connected with other materials, and frequent breaks in the joint sur-

face are therefoi^e advisable ; nor is it easy to make a water joint on

wood, in connecting with sheet piling or flooring. On division banks,

at gate-houses, the masonry backing should be built with buttresses,

and the faces left rough, to take the puddle walls, and prevent con-

tinuous threads of water under pressure.

Slope puddling is to be preferred to vertical, inner, bank walls, on

the ground of economy in material, ease of access, prevention of bank
saturation and its results, facility of construction, preservation of

bank-section, and distribution of pressure ; and in all cases, it should

be connected Avith the bottom puddling, the latter (or its equivalent)

being assumed indispensable. It will be found, in laying it, that some
compression of the bank face occurs, though not large, which should

be accomplished before the cement masonry is built.

* Instead of 62'5, as commonly assumed.
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Concrete.—This, as lining, may be made to serve two important

purposes : one, in being carried up with the slope puddling, as a pro-

tection to its face from wash, while coming to its bearings ; and ano-

ther, as an additional means of tightness, and a break line of surface,

to the courses of face masonry, whether of brick or stone. It may be

made in a thin layer, and should be carefully prepared with fresh hy-

draulic cement mortar.

In the use of concrete for the various purposes to which it is admi-

rably adapted, it is sometimes forgotten that it is only, after all, an

improvement on ordinary masonry in convenience of application, and

as to its proportion of cement mortar, ought to be governed by the

same rule, viz : that weight is to be resisted by the pressure of face

upon face, and the chief object of mortar is to fill up crevices and

irregularities, and distribute uniformly the load over the surfaces in

contact. Consequently, in concrete, no more mortar should be used

than will properly fill up the interspaces of gravel and stone. This ap-

plies more particularly to foundations, as in thin slope lining, a cement

face is not as objectionable. A certain proportion of screened gravel,

with the basis of broken stone, is an improvement in filling up more

completely the openings. In an extensive use of concrete at the

Brooklyn Navy Yard, five parts of broken stone, with tAvo of gravel,

made, when properly added to the mortar, a very solid mass.

Brick-work.—The first care in brick masonry is that of proper se-

lection. Very little attention is paid to the process of manufacture at

the yards, which is open to objection as to the material and the burning.

If the clay is charged with an efilorescent salt, which will appear after

the masonry is laid, and frequently spalls ofi" parts of the face, the

work is injured ; and from the rudeness with which the kilns are built

and burned, part of the bricks are vitrified and spoiled, part well burn-

ed, and the rest, half or less than half baked. IJntil these defects are

more carefully guarded, as they can and should be, great precaution

is needed in inspection. The second care is that of mason work. Here

it is requisite to have the bricks properly moistened to prevent the

effects of too rapid absorption on the mortar, which should be care-

fully mixed, and laid with close joints. Brick-work is injured for hy-

draulic purposes, by want of attention to this point, and the joints fail

after short exposure, with a bad effect on appearance, tightness, and

durability. With proper attention, however, in selection and construc-

tion, a comparatively light brick wall can be made much more tight,

"with much more symmetrical and ornamental appearance, than rubble

•work.

In face work of structures, there is considerable range of cost and

ornament, in the use of pressed bricks and close putty joints. In work

which requires the use of arches to sustain weight, or for appearance

sake, the use of moulded arch bricks, or for plainer work, of alternate

"headers" and "stretchers," ought to be maintained, since a "row-

lock " arch has neither beauty nor strength; and in all cases where

the stability of the arch is important, the centres should be struck as

soon as the keys are driven home, to bring each member to its bear-
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ing, and expose any Treak points before the backing is carried up to

any height.

Stone Masonry.—For ordinary rubble work, in -which "bank" stone

or quarry stone are used, the least thickness which can be conveniently

•worked is about sixteen inches on slope lining. In point of quality, as

a general rule, the former, having come down to us through the ac-

tion of floods and time exposure, as water-worn boulders, are to be
preferred, although defective boulders as well as defective quarry
stone are not uncommon. This is a matter of inspection, selection,

and relative cost, in special localities, certain classes of quarried stone

being, of course, unexceptionable.

The objection to the use of rubble masonry lies partly as to its

rough appearance, and partly as to the difficulty of teaching masons
to make close and solid work, the craft being, as a rule, strongly dis-

posed to work with wet and soft mortar, and to neglect the proper use

of spalls, whence follow, in too many instances, the usual building and
wall settlements and fissures ; for if the walls were themselves solidly

jointed, the foundations, with ordinary care, would be more evenly

pressed. This assumes, of course, the use of due precaution in founda-

tions, for a broad and uniform bearing, fully guarded against the con-

tingency of water threads, by puddling or concrete, with sheet piling,

as the special case may require.

The use of dry stone walls, in rubble work, for reservoir slopes, is

unequivocally condemned, the mass of testimony against them being

conclusive, with the ordinary thicknesses in practice. Nor is their

economy in first cost a matter of very positive demonstration. Their

beds are continually exposed to undermining by rain wash while build-

ing, and to wave wash while in use, and the walls to injurious effects

from frost and otherwise.

For other kinds of stone masonry, which pertain rather to super-

structure, we need only refer to well known principles and methods in

use, without special designation. The same principle of jointing and
construction controls them.

Nor is this brief memorandum intended to cover all the points to be
considered in these parts of reservoir workmanship, but rather as allu-

sions to certain details in method, which are [sometimes overlooked,

and which tend to produce and insure desirable results without much
additional cost. A few words also, in reference to general plan of

structure, will conclude this branch of our subject.

Division Walls.—For purposes of cleansing, repair, subsidence,

aeration, circulation, and their attendant benefits, and for reduction of

areas exposed to surface waves, it is always desirable to build reser-

voirs with one or more division walls. No reservoir can be considered

complete with less than one, and with water which requires much care,

the number may be increased with great advantage. The several divi-

sions of the Fairmount Reservoirs at Philadelphia, may be instanced

as an evidence of the manner in which impure river water may be
much improved, and a recent report on the Delaware Reservoir at the
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same city, shows that the deposit is about one inch per month, as a-

comment on subsidence and surface supply. It is customary in some
instances to build these division walls below the ordinary flow line

;

but while this may accomplish a certain use of surface supply, it is

open to the objection of exposed area, which becomes serious in the

case of large sheets of water. The heads of these submerged walls are

also subject to the action of breakers, in a different manner from that

due to slope wash.

Connecting Weirs are therefore preferable, arranged with a gate

pier, and with gates which open downwards from the surface in alter-

nate positions, for a given depth. Pipes may be built across the foot

of the division wall for bottom drainage at any time. With weirs of

this kind, which are readily built, and which can be managed at will,

a very complete and desirable control may be had over the contents of

the separate divisions, and a positive supply of the purest water se-

cured.

Gate Houses may be also arranged so as to secure the general prin-

ciples of action discussed. For gravitation supplies, the influent cham-
ber may be arranged for the top bank, with suitable descending chan-

nels ; but for pumping supplies, it should permit an accommodation,

by a proper gate pier, of the engine load either to the flow line head

or that of the actual reservoir level. By this means, if the engine be

properly designed and managed, in many cases a very important

saving may be made in annual cost of pumping.

For efl[luent chambers, it may be assumed as a rule, that the gate

piers should be so arranged as to take only a surface supply at all

times for domestic and public use, and to Avaste occasionally the bot-

tom strata by suitable blow-offs. Too much importance cannot be at-

tached to this law, which involves the comfort and health of the con-

sumers to no small extent, and the reputation of the supply.

Depth of Water is also important in preventing solar action on its

contents. It seems to be the European experience that less than ten

feet is always objectionable, and it will be observed from our preceding

papers that twice this depth is the common American standard. If this

consideration obtains with distributing reservoirs, it should be urged

with greater force on all fountain or supply reservoirs, which are

generally natural lakes, of great area and shallow depth, constantly

subject to impregnation by vegetable and other organic matter, and all

the results of fermentation. Especially is it objectionable that supply

reservoirs should contain a large disproportion of contents to daily

supply, unless prompt and eflBcient means of deration, circulation, and
bottom waste are provided.

These general and rapid suggestions are made, not as a professional

dictum, but as the results of experimental science in a direction which

needs yet more enlarged observation and trial. Water works with us

are yet in their infancy, in an important sense, and are exceptions

throughout the country, rather than a general rule, and several of our
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most prominent supplies already warn their consumers of the neces-

sity of early steps for an entire reconstruction and enlargement. Dis-

cussions of this kind are therefore desirable, and the best results of

experience ought to be embodied in general rules of practice, similar

in method, if not in detail, to those presented for consideration.

(To be Continued.)

On Railivay Accidents—their Causes and 3feans of Prevention ;

showing the hearing tvhich existing legislation has upon them. By
Mr. James Brunlees, M. Inst. C. E.

From Newton's London Journal, May, 1862.

The author proposed to treat the subject by dealing with the facts

as they were, the causes of accidents being, in nearly all cases, suffi-

ciently apparent ; he would not therefore attempt, by theory, to esta-

blish rules for their prevention. From the reports of the officers of the

Board of Trade it appeared that, during the seven years from 1854 to

1860, the number of accidents amounted to 540, as the result of 1274
distinct causes. Of these accidents, 11 per cent, were attributed to

the permanent way, 7 per cent, to the rolling stock, and 76 per cent,

to the management, including insufficient means for securing safety,

leaving only 6 per cent, as not ascertained.

The accidents due to the permanent way were then referred to in

detail, and it appeared that the general defects were most evident in

the system of ballasting, of joint-fishing, of turning the rails, and of

fastening the chairs to the sleepers. With regard to the ballast, it

"Was argued that it would be found economical to have at least 6 ins.

or 9 ins. of rough gravel or broken stone, as a free draining bed to the

sleepers and to the "top-dressing;" and that, during the months of

September and October, an extra number of men should be employed
to drain the ballast and beat up the road, in order that it might become
consolidated before the winter's rains and frosts set in, and thus avoid

the evil effects of frost on wet ballast. It was urged that the plan,

now in general use, of placing the fish-joint between two sleepers, was
objectionable, as the ends of the rails were unsupported except by the

fish-plates, which together were frequently only equal to two-thirds of

the section of the rail. It was submitted that all the joints should be

fished directly over a sleeper, or that a bracket chair should be used.

The practice of turning the rails was condemned, because when a rail

was so much worn as to require turning, its strength was generally so

reduced as to render it unfit for main line traffic. With regard to the

fastenings of the chairs to the sleepers, it was urged that it was desi-

rable that iron spikes only should be employed on the outer side of

curves, or else that the chair should be partially sunk into the sleeper,

to lessen the strain on the treenail. The superior economy of steeled,

or partially steeled, rails, points, and crossings, was also incidentally

noticed.

In reference to the accidents which had arisen from defective or

neglected rolling stock, it was found that many of the fractures had



20 Civil Engineering.

occurred during the winter months, owing, possibly, in some degree,

to the rigid state of the "way" in frosty weather ; whilst others were

due to the use of bad iron, and some to defects either in the welding

of, or in the mode of attaching the tyres of the wheels. Steel, or par-

tially steeled, tyres, were now, to a certain extent, in use, and tyres

formed of a continuous ring, or unwelded piece of metal, were also

successfully employed. Several new methods of fastening the tyres

had proved as fruitful of mischief as the ordinary plan of simply

shrinking them on, though others had been found to be efficient ; and
it was said that, on some lines, the tyres had not failed to any great

extent. The author hoped, that the importance both of the tyres and
of the axles of wheels would lead to a useful discussion on this branch
of the subject. The usual want of uniformity in the main features of

the carriage portion of the rolling stock was then commented upon

;

and it was considered that this variety not only increased the cost of

manufacture and of maintenance, but was often the cause of accidents,

and frequently contributed to render them disastrous. The author

thought that the carriages should be nearly uniform in size, and that

the buffers should, in all cases, be the same height above the rails. The
longitudinal beams should be in the same line throughout, be strong

in themselves, and the framing securely braced. The present coupling

in the centre should be increased in strength, and the whole attachment

between the carriages should be such as to render a train in effect, as

far as practicable, as one carriage, with a certain amount of flexibility

;

so that in the event of collision, the carriages should retain their position,

instead of rising upon one another ; and if an axle or a wheel broke,

the crippled carriage should be partially borne up by the neighboring

carriages until the train could be stopped.

On the question of management, after some remarks upon the speed

of trains, it was shown that, by punctuality, both in the time of start-

ing and in the rate of running, safety, so far as human foresight was
concerned, was insured. The system of working the traffic of a rail-

way by allowing an interval of time between the trains was deemed
unsatisfactory, and far inferior to the system of an interval of space.

The accidents arising from the irregularity of excursion trains were

then alluded to, and it was remarked that if, during the summer and
autumn, the ordinary trains were run at lower rates of fares, the traffic

would be increased, as the public would feel greater security in tra-

veling. The difficulty in running coal or mineral trains to a fixed time

table might be met by a more general use of the electric telegraph,

and by a better system of signaling arrangements. During the seven

years, from 1854 to 1860 inclusive, 88 accidents happened from ineffi-

cient signals, of which 14 occurred in 1860. In some cases, especially

at sidings, there were no signals ; in others they were defective in form,

or were improperly placed. It was desirable that junction signals and
points should be worked simultaneously by one man, and at junctions,

separate main and distance signals should be provided for each line.

If the system of working the traffic by the electric telegraph was

generally adopted, and the line was divided into sections, so that a
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train should be prevented from entering any section until the pre-

ceding one had passed to the section in advance, collisions would be

impossible, except those liable to arise from disregard of the signals,

and a proper interval would be secured between the trains, in spite of

unpunctuality. As the want of a means of communication between

the engine-driver and the guard or conductor had frequently been ex-

perienced, and as plans were in daily use on several lines, there was

no reason why it should not be adopted on all. To render it fully

effective, the guard or conductor ought to start the train from each

station by means of that machinery, so as to prove that it was in

working order. Owing to the general high speeds and heavy trains, it

was of the utmost importance that ample break power, capable of

being applied in the least time, should be provided with each train. It

was a question how far a regularly distributed retarding force, acting

at the same moment on all the wheels, might not be preferable to a

concentrated force applied at particular points. By the system of

" continuous breaks," the employment of several men with each train

was unnecessary. It had also another advantage—that a train was

more under control, and could be stopped in a shorter distance. The
negligence of servants, arising from their ignorance or inefficiency,

was next adverted to, and it was thought to be due to the pay being too

low to command the services of men of intelligence, steadiness, and

self-reliance. Frequently they were insufficient in number, leading to

overwork ; and instances were on record in which engine-drivers had

been employed for 17 hours daily, and in some cases for 26 and 30

hours continuously.

The author proposed leaving the bearing of existing legislation upon

railways to be dealt with by Capt. Douglas Galton.* He would, how-

ever, observe, that Government interference was not likely to render

railways safer, or more available to the traveler ; and that it would be

better to rely on the consideration and calm reflection of those imme-

diately interested in these enterprises, especially as from the heavy ex-

penses attendant on accidents, directors and shareholders would natu-

rally desire to render this mode of traveling as safe as possible.

Proc. Inst, of Civil Engineers, April Ist, 1862.

The Economic Angles in Parallel Open-work Girders.

From the Civ. Eng. and Arch. Jour., April, 1862.

(Continued from vol. xliii. p. 303.)

Let N be the number of bays into which the span s is divided by
the points of concentration of the loading. Let 9 represent in a gene-

ral manner the angle which a brace makes with the vertical direction,

and V the vertical component of the stress upon the brace.

In our last paper, we have shown that when x is of any previously

assigned value, the economic values of 9, as calculated for the bracing

taken alone, will also be the economic values of B for the whole gir-

der, that is, for the bracing and booms taken together. The question

is, therefore, reduced to the determination of the economic angles for

* Captain Galton's paper will be published in the next number.
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the bracing. This, however, ignores the end pillars : but as these

more properly belong to the piers, and may, in fact, have no separate

existence, they may very properly be excluded from the more general

investigations ; but in some of the examples to be given in our next
paper, their influence will be pointed out.

The Effect of the Depth of the Girder wpon the Weight or Cost of
the Web.—Before proceeding to the more immediate objects of this

paper, we may here state at somewhat greater length a fact first pub-

lished in 1855 (see vol. xviii., page 236) : we refer to the constancy

of the amount of material required for the bracing of an open-work
girder, when the values of S, 6, w, and a* are constant, although the

value of D, and with it the amount of the material in the booms, may
undergo any degree of change.

This will be most convincingly shown by direct calculation of some
extreme examples.

Let us assume, then, as in some of the cases in our last paper, that

S = 12 units, = 45°, and w = 6 units, and that the braces are in

pairs, or the numbers of struts and ties equal.

Fig. 1.

Fig. 2.

Now, the weight of any brace is = v . D . sec. 2 9 . a; and since here

we have sec. 2 e = 2, and d = s -7- 2 n, and the portion of the loading

at each supported point = w -f- n, the material in the bracings for the

case of a fixed load, half only of each structure being taken, will be

as follows :

—

Fig. 1.

N = 6

D = l

Fig. 2.
I
Bracing = (1+11+21) D 2(a^ -f^^) =9(«, + «J

^^Z^.^l Ditto =(|-+2i)D2(a, + a,) = %, + «,)

D = 3 } ^^"*^ = (l-5)D2(a,+ a.)==9(aj+ a.)

IZI%\ Ditto =(i+|+li+lf+2i+2|)D2(a,+a,)-9(a,+a,)

So that, in the case of a fixed loading, there is absolutely no change

produced on the amount of the material in the braces, estimated with

fixed values of a, and a^.

On the other hand, when the loading is treated as wholly movable,

we find that on increasing N, the increase of the stresses on the braces
* For the meaniug of the symbol a, see ante vol. xliii. p. 298.
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resulting from the mobility of the load, is augmented. The calcula-

tions are more complicated than the above ; but the results given be-

low will show the character of the increase. (See table following.)

If we exclude from these results the exceptional case of N = 2, we
see that the variations produced in the amounts of material in the

bracing, by changes in the value of d, are very moderate, even when
all the loading is treated as movable. When, however, the question

is treated practically, the slight advantage shown on the side of a high

value of D will be more than destroyed by the necessary increase of

a^ for the struts on account of their increased lengths.

N = 2 4 6 8 10

D = 3 15 1 0-75 0-6

Material in Bracing
^

when loading all > =
fixed, }

9 9 9 9 9

Material in Bracing
Jf

when loading all > =
movable, )

9 10-125 10-333 10-406 10-440

The Economic Angles for the Struts and Ties of the Bracing.—In
the following investigation, we shall confine ourselves to the conside-

ration of structures made up of an even number of triangles, or, in

other words, an equal number of ties and struts ; further, we will as-

sume that the loading is all collected at the upper or lower boom of

the girder. Under these circumstances, the braces are arranged in

pairs, each of which pairs consists, as in fig. 3, of a strut and a tie

having the vertical components of their stresses equal.

Let a, represent the cost, weight, or bulk of a tie constructed of
the material of the ties (a—b, &c.), and capable of conveying one ton
of stress through one foot of length. Similarly, let a^ represent the
cost, or other quality to be considered, of a strut.

Now, all that is required is to determine the two values of 6 for each
pair, viz : e^ for the tie a b, and e.^ for the strut e^b ; and so long as
the values of a^ and a^ bear the same proportion to one another, the
angles obtained for any one pair will be those also for all the others,

since the question is not afi'ected by the absolute amount of the verti-

cal component V of the stresses to be transmitted through the braces.

Should, however, the ratio of a, to a^ vary for the different pairs, the

Fig. 3.

economic values of e must "be obtained by so many independent cal-
culations.
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Let V be the accumulated portion of the loading on the P side of

point c and at point c, which it is necessary to convey to the pier on
the Q side. The stresses on the braces will consequently be = v sec. o.

Let the depth ab^=D, then the lengths of the braces will be= D sec. e.

The work performed by these braces is the conveyance of v towards

q; hence, the amount of such work done by any brace, or its efficien-

cy, is expressed by v d tan. 9.

Now, let it be the cost of a brace, in proportion to the work done

by it, which is to be rendered a minimum ; this is represented by
V sec. e . D sec. e . a-r-YB tan. e = a sec.'^ e -i- tan. 0, or we have for the

pair

—

cost-^efficiency^
'^'''''''''^''^'''-''^

^:
''^^'^'^^^^''^^^''^^

) mcost
.
emciency

tan. 0^+ tan. e^ x -\-
1/

^^^

Let x-\-y=s.

The cases, the solutions of which follow, are,

1. When s is fixed, but x and y variable.

2. When s, x, and y are all variable.

3. When x-=ry is fixed.

4. When x or y \s fixed.

5. When rr or y = 0.

Case 1. In equation 1, by substituting s for x+y, and s— x for y,

we get

:

^^„. . =--{a.x^-{- a,-\- a^s^— 2 a ^s x -\- a ^ x^ -\- a c).
Lmciency s ^ ^ i ^ -i -= -/

Differentiating this with x as the variable, putting the co-efficient

s= 0, and reducing, we get for a minimum, when s is constant,

X = s

Y (2)

a^-\- a^

and similarly we have y = s ——|

—

Whence x : y : : a^ : a', and x =v-^, and y = x—^.

So that, whatever value may be assigned to s, the tangents of

will be to one another inversely as the values of a.

Case 2. We have now to determine what value of s will give the

absolute minimum value to equation 1.

Substituting for x and y in equation 1, their values as given in equa-

tions 2, we get,

<i»!^=l|a,.'(-^) +a,+ <.,.'(-^) +a, I . . (3)
Efficiency s { ^ \a,+ ao/ ^ ^ Xa^-^a.,/ ^ j

^ '

The differential of this is

+ a2«^
»,
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Putting the differential co-efl5cient = 0, for a minimum, and re-

ducing, we get,^55

Substituting this value of s in equations 2, we have,

X= ^== and y=— -. —

Further, we have, xy — 1, .'. o, + ^2 — 9^°-

Table of Economic Angles, ^c, cafculated by Equation (i).

• (4)

«i : «r y- X. 62- 61- s.

1 : 1 1 000 1-000 45° 00' 45° 00' 2-000

1-5 0816 1-225 39 14 50 46 2-041

2 0-707 1-414 35 16 54 44 2-121

3 0-577 1-732 30 00 60 00 2-309

4 0500 2-000 26 34 63 26 2-500

0-5 1-414 0797 54 44 35 16 2121

Case 3. When a definite value is assigned to the ratio of a; : y.

Let X = cy, then x : x -\- y : : c : c -\- 1, and

c , 1
x=s and yc+1 """^""c + 1*

Substituting these values of x and y in equation 1, we have,

Cost -r efficiency =- K (ZisM-^j +ai + «2^(—^) +^2p
differentiating, and putting the co-efficient = 0, arranging and re-

ducing, we get for a minimum,

^^ C'f'- Y a^iy^(3±^Y. ... (5)
Ka^c + a^} Xa-^e'-^-aJ

When e = a^-r a^, we have the absolute minimum as by Case 2.

Table of Examples.

1:1 2 1-897 32° 19' 51° 40'
-'

1 : 3 2 2-268 37 5 56 31 .

Case 4. When a given value x-^ or y^ is assigned to one of the tan-

gents, the other and s being variable.

Let X be the variable tangent, then equation 1 becomes,

Cost - efficiency = '''^+ ''-+'''^-'+'''
.

Which, by the calculus, we ascertain to be a minimum, when

^ "l' V . , .

and, similarly, y=\{^ + |') • (a?i'+l)— *i J

Vol. XLIV.—Thibd Series.— No. 1.—Joly, 1862. 3

(6)
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.

Table of Examples when 02= 2 Oy

When x^ 0-5, y = 0-8693

l-O, " 0-7320

1-5, " 0-7079

2-0, " 0-7386

4-0, " 1-202

When y, = 0-5, x = 1-4365

" " l-O, " 1-4495

« « 1-5, " 1-6225.

Case 5. When one of the braces is perpendicular, x^ or y^ = 0, and

equations 6 become,

=Vi +
a.,

y- Vl+-^

Table of Examples.

(7)

X being = 0.
3/

being =
1 1-0 54° 44' 54° 44'

1 1-5 52 14 57 41

1 : 2-0 50 46 60 00

1 30 49 6 63 26.

We now offer some applications of these formulae.

Table I.— Of Results for Various Examples arranged to exhibit the Per Centage of

Excess of Cost or Weight or Bulk, incurred by a Departure from the Economic

Values of the Angles.

We here assume that a^ = a^, •'.

Cost or weight or bulk ~ efficiency, varies at
x-\-y

Per
X. y- ^1- Or centage Remarks.

of cost.

1000 1-000 45° 45° 100-00 Absolute minimum of cost. Pub-
lished in January, 1851, by the

writer, in his " Treatise on
Bracing."

0-577 0-577 30 30 115-47 Warren & Monzani's Patent, 15th
August, 1848.

0-425 0-425 23 23 13900 Nash's Patent, 2 1st February, 1839.

See Newton's Journal, v)!. 15,

p. 355.
0-557 1-056 30 46 33' 105-59 Economic value of ^2 when ^j=30°.
1-732 1-732 60 60 115-47

1-414 54 44' 141-42 Economic value of flj when ^2= 0.

1-000 45 150-00 American "Rider" Bridge, shown
at Exhibition of 1851. Cast
iron perpendicular struts, and
wrought iron ties.

2-667 69 27 170-83 1851 Exhibition Building, 48 feet

girders ("approximately).

0-268 0-268 15 15 20000 Chelsea Suspension Bridge, princi-

pal girders.
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Table II.

—

General Examples to exhibit the Additional Cost incurred ly Various

Departures from the Economic Values of Q.

r/j is here assumed to be equal to 2 a|, ••

Cost -;- efficiency varies at

this is divided by 2-8284.

x-\-y
, and for the per centages given in the table,

1

a-. y. e,.

1

02.

Per
centage

of cost.

Remarks.

1-414

1-061

2-121

0-707

0-707

1061

1-414

2-121

o /

54 44
46 41

64 46
35 16

o /

35 16

46 41

54 44

64 46

100
106-20

125

125

200

Absolute minimum of cost.

In these five examples, the value

r of x-\-y, or s, is made constant,

j
and = 2-1213, or that required

J
for the above minimum.

Minimum when y := I.

Minimum when y =0.

Minimum when a; = 1.

Minimum when a; = 2.

Minimum when a; = 0.

Minimum when a; = 4.

C. P. Sydenham, cast iron girders

(approx.)

1

1-449

2

1

1-5

x/3
o

1

I

1

45
55 24
63 26

45
45
45

106-1

102-5

106-1

45
56 19

60
63 26

141-4

123-7

122-4

123-7

1

1

1

0-732

2

45
45
45

36 12

63 26

141-4

103-53

141-4

2

2

2

0-739

2

63 26

63 26
63 26

36 27

63 26

123-7

104-46

132-58

1 1

iv'i-s
1-5

45
50 46
56 19

176-8

173-2

176-8

4
2-605

1-202 75 58
69

50 15 148-77

144-30

In our next paper, we purpose treating of some of the more prac-

tical applications of the principles discussed above. R. H. B.

For tlie Journal of the Fi-anklin Institute.

Remarks concerning Surveys of the Atrato River. By John C.

TliAUTWiNE, C. E., Philadelphia.

In reading the Report on the recent Surv.ey made by order of the

United States Government, of a route for an inter-oceanic canal by

waj' of the Rivers Atrato and Truando in New Granada, I find the

following remark on page 199 in the portion devoted to the botany of

/
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tlie explored region, and prepared by Mr. Arthur Schott, naturalist

and geologist to the expedition :

" We take occasion to here express our astonishment about Mr. J.

C. Trautwine's remark in his 'Rough Notes of an Exploration for an

Inter-oceanic Canal,' see page 2, where he uses the following words

:

' Still I do not remember to have seen a single large tree growing

throughout the entire course of the Atrato,' Either Mr. Trautwine or

ourselves must have had a different standard of judging dimensions of

tropical trees; or those gigantic ceibas, robles, cedros, trementinos,

and other large trees, especially of the leguminous order, must have

grown up since Mr. T.'s visit in 1853. There stands a large ceiba in

the outskirts of Turbo, which can be singled out by its gorgeous

growth almost from the middle of the Bay of Uraba. At Sucio, close

to the landing, is leaning against the river banks, with its main por-

tion submerged, the broken trunk of a ceiba, which we measured as

closely as possible, and found to be between 10 and 12 feet in diame-

ter."

Since discrepancies in the representations of different persons de-

scribing the same thing, have a tendency to impair confidence in both
;

and inasmuch as I truly desire that the cloud which has so long ob-

scured the truth in regard to the various proposed inter-oceanic routes,

may be gradually dispelled, I considered it as conducive to that end

to remove the source of doubt even in a matter of so trifling import-

ance as that involved in the above extract from Mr. Schott's report.

Its origin in this case could not be more aptly expressed than by the

words quoted above, intimating that the parties had adopted different

standards forjudging of the dimensions of tropical trees. My standard

had been formed in the lower portions of the valley of the River Mag-

dalena, which flows nearly parallel to the Atrato, but on the eastern

side of the Cordillera ranges which separate the two. In this region

1 had previously passed four years ; and in it, trees of from 6 to 8 feet

in diameter for great heights are quite common ; and considerably

larger ones are by no means rare. Mr. Schott has not informed us

whence his standard was derived.

On commencing my ascent of the Atrato, the comparative diminu-

tiveness of the trees was a source of much surprise, not only to myself

and Mr. McCann, who had been with me on the Magdalena; but also

to Dr. Halsted, a pupil of the distinguished botanist Dr. Torrey, and

himself a botanist of no small attainments. It was a subject of daily

comment among us.

Mr. Schott, however, has not quoted my remark as accurately as he

might have done. In the first copies of my "Notes" that were struck

offby the printer, it reads :
" Still I do not remember to have seen a

sino-le ' really ' large tree growing throughout tlie entire course of the

Atrato ;" in the subsequent copies, the words (" exceeding say 3 feet

in diameter") were inserted. The word "really" omitted by Mr.

Schott in his quotation, was intended, as must be apparent to every

reader, to imply that I meant trees of somewhat larger than the ordi-

nary growth seen every day in non-tropical countries.
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I did not of course stop my boat, and land, in order to measure

such trees as might have proved to be even 3 feet in diameter, inas-

much as the fact was in itself one of no imaginable importance to the

object of my survey; still I doubt whether there is a single tree grow-

ing on the banks of the Atrato which attains to that size, unless per-

haps near to the ground. The ceiba tree at Turbo alluded to by Mr.
Schott is shown in one of the engravings which accompany my pub-

lished "Notes;" consequently it has not grown there since my visit.

It did not appear either "gorgeous" or "gigantic" to any of my
party; but merely respectable, as estimated by the Magdalenic stand-

ard. Had it, however, been as much as 20 feet in diameter, it would

not have conflicted in the slightest degree with the correctness of my
assertion ; inasmuch as it is not in the course of the Atrato at all ; but

on the opposite side of the Gulf of Uraba, distant some seven miles

from the nearest mouth of the river, and exposed to growth-modifying

influences very diiferent from those existing along the natural levees

of the lower Atrato.

Nor did the large tree-trunk at Sucio escape either my observation,

or my tape-line. Surprised at seeing apparently a striking exception

to our previous experience, I took the precaution to ask where it came

from; but the persons to whom I applied could not inform me. It had
evidently been cut, perhaps with the intention of making a boat of it;

and had probably escaped during some high flood, and floated from.

the interior country, down the Sucio, or some other tributary of the

Atrato, until it grounded at the village of Sucio. It certainly did not

grow where it now is, or the people could have told us so ; and we
should have seen its stump. Large trees do grow in the interior, seve-

ral miies back from the river.

I therefore find no reason to modify my original remark, as to the

size of the trees zvhieh I saw growing along the entire course of the

Atrato.

Inasmuch as my survey of the inter-oceanic canal route by way of

the Atrato and San Juan was chiefly made by myself (Mr. McCann's at-

tention w;is directed to the traveling arrangements, and Dr. Halsted ac-

companied me as a botanical amateur), I feel gratified to perceive that

so far as my route coincided with that of the late Government survey,

viz : as far up the Atrato as the Sucio, and Truando, about 70 miles,

there are no discrepancies which seriously aff'ect the more essential

points to which my attention was directed ; and that even in those of

minor importance, the coincidence is quite as close as could be expect-

ed between a mere hasty reconnoissance made by one person only; and
a detailed survey made by a full corps of scientific persons, under the

patronage of the Government, and subject to none of the embarras?-

ing restrictions as to time or convenience by which I was trammeled.

Even the individual bends and reaches of the Atrato throughout that

entire distance, as protracted by myself from my own bearings taken

with a boat-compass, correspond quite closely in direction with those

of the Government survey. No means were available by me for cor-

rectly measuring the distances along the river ; and as stated in my
3»
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"Notes," I was compelled to depend chiefly upon ray eye, aided by

occasional measurements of the rate at which my boat was pushed

along. By these means I made the distance from the mouth of the

Atrato to the village of Sucio to be 63 miles ; whereas the Government

survey, by measurements also only approximate, but still considerably

more reliable than mine, makes it 73 miles.

The correspondence of my soundings with those of the Government

survey is very satisfactory; both give assurance of a channel depth of

60 feet throughout the entire distance from near the mouths of the

Atrato, to the Truando.

I notice on page 1G2 of the Government report, that the width of

the Atrato at the mouth of the Truando is set down at about 1000

yards ; whereas my measurement in tbe immediate vicinity gave but

350 yards. Although, as avowed in my "Notes," I did not aim at

any thing more than mere approximate results (such only as could be

expected from a rapid reconnoissance by one person over several hun-

dred miles of route), yet I have no hesitation in asserting positively

that in this instance the error is not on my part. The Atrato is no-

where 1000 yards in width, nor even near so much. The error is I

presume merely a typographical one, as it is perfectly impossible that

the high authority under wliich it is set forth, could even accidentally

have committed such an oversight in observing. If my supposition is

correct, it appears to me desirable that the mistake shouhl be recti-

fied, in order to reduce as far as possible all grounds for distrust on

the part of searchers after the pure facts. I am confident that my
measurement is correct within a few yards ; which is as close as I

cared to have it.

At the risk of becoming tiresome to the reader, I will avail myself

of this opportunity to correct a statement emanating from a different

source, which had almost escaped my recollection, and to which I now
allude only from the wish to prevent as far as I can, even trifling

misapprehensions respecting my survey of the Atrato route. Mr.

Lionel Gisborne, the English engineer to whom was confided the

making of a preliminary reconnoissance across the Isthmus of Darien,

along the route afterwards traversed by Lieut. Strain's party, stated

at a meeting of the Institution of Civil Engineers at London (see

Minutes of Proc. Inst. Civ. Eng., 1856, vol. 15, p. 398), that on my
survey of the inter-oceanic route, I had no spirit-level; but only two

aneroids, which I compared at Carthagena with the standard barome-

ter taken out by Mr. Gisborne.

Mr. Gisborne and myself met at the City of Carthagena, while on

the way to the fields of our respective operations ; his on the Isthmus;

mine up the Atrato. I had the pleasure of lending him a map of the

Isthmus, Avhich was more complete than those with which he had pro-

vided himself; and of which he made a traced copy for his future use.

On one occasion when I\Ir, Gisborne called on me, Mr. McCann, who
was at the time engaged in my traveling preparations, casually brought

into the room my aneroid, pocket-sextant, and some other small sur-

yeying instruments, which Mr. Gisborne examined. Happening to see
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no other instruments, he appears to have inferred, rather hastily, that

I had none ; but in fact I was fully provided with a first class spirit-

level, transit, and all other appliances essential to my purpose. Any
enc^ineer who should previously have seen Mr. Gisborne's statement,

would have just cause to doubt the accuracy of my published levels

across the dividing ground between the sources of the Atrato and the

Kiver San Juan. As these rivers flow respectively into the Atlantic

and Pacific, the reliability of those levels constitutes an important

consideration in the features of that route ; and tliey could not have

been made in the detail with which I have furnished them, by means of

the aneroid only ; the spirit-level was necessary for that purpose ; and
consequently Mr. Gisborne's assertion, before so eminent an assembly

of intelligent gentlemen, that I was unprovided with that instrument,

must produce distrust not only concerning my veracity, but also in re-

ference to a fact of great geographical interest; and that unfortunately

among the very persons by whom, above all others, the simple know-

ledge of the facts could be most efficiently made subservient to useful

purposes.

I actually had but one aneroid with me ; it had been carefully com-

pared for some months with standard barometers in the University of

Pennsylvania, by my friend, John F. Frazer, Professor of Natural

Philosophy in that Institution. Indeed, it belonged to him, and was

loaned to me because of its having been so carefully tested. I was not

aware, until I saw it so stated by Mr. Gisborne, that I had myself

compared it with his barometer in Carthagena.

In the volume of the Minutes of the Proceedings of the Institution

of Civil Engineers, above alluded to, I observe that survevs of the

head waters of the Atrato have also been made since mine ; and that

they w^ere entirely confirmatory of my own, as published in my
"Rough Notes." This is, of course, highly gratifying to me; as is

also the fact that the character of the route across the interveninor

country between the Atrato and the Pacific, was found by the Go-
vernment survey to accord closely with my pre-asserted opinion upon
it, based upon mere spy-glass observations, made as I passed along it

while ascending the Atrato ; and afterwards, along its opposite side,

while coasting the Pacific. Indeed, I have met with no expression of

dissent from my own observations, except the two just alluded to, by
Messrs. Schott and Gisborne ; and I trust that my explanation of

these will be considered satisfactory.

The great difference between others and myself, as regards the cost

of an inter-oceanic canal, is of course a matter of opinion ; and does

not affect our several ideas of the topography of the region. As
stated in my "Notes," I conceive that the expense of such an enter-

prise, will for a long time secure to the Panama Railroad an eff'ective

monopoly of inter-oceanic traffic across the Isthmus of Daricn.

Although the River Truando is shown on my published map, its

name was not inserted, because the pilot of my Atrato boat ditl not

know it ; and upon him I depended for the names of the several

streams which I noted down.
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MECHANICS, PHYSICS, AND CHEMISTRY.

On Explosions Produced bt/ Nitre in Burning Buildings, etc.

By Uriah A. Boyden.
Fiom the Boston Post, May 9, 1862. Communicated by the Author.

I will first mention some occurrences which were generally known.
Explosions happened at some of the buildings which at sundry times

burned while they contained nitre: as at the schooner *S'ara/t at Cen-

tral wharf in Boston in August, 1835; at Parker, Howard and Co.'s

store, and also at B. S. Woolley's store in New York in December,

1835 ; at Crocker and Warren's store in New York in Jul}"-, 1845

:

at R. V. W. Thorne and Co.'s warehouse in Brooklyn in July, 1850;

at John Brock's store in Philadelphia in July, 1850 ; and at a ware-

house at Cotton's wharf in London in June, 1861. About half of the

chemists who published their views of this theme, believed nitre pro-

duced such explosions, but without giving entirely convincing proof;

"while other chemists, including five of New York, employed by the

Common Council of New York to investigate the cause of the explo-

sions at Crocker and Warren's said store, could not discover how such

explosions could have been produced by any things said to have been

in the store. And some people who prepare and use nitre, infer from

their knowledge of it, that it requires to be commingled with appro-

priate material, so that its mixture may burn somewhat as gunpowder
burns, to produce such explosions as occurred at said buildings. Pre-

sent circumstances induce me to explain this topic.

Nitre, in the modern nomenclature of chemistry, is called nitrate

of potassa or nitrate of potass; which is in part so easily decomposed

by heat, that such combustible substances as dry wood, burn intensely

with it, and evolve aeriform fluids so rapidly that if the burning mass

is confined only imperfectly, the fluids which it so evolves may burst

their inclosure. The ship Virginia seems to have had its deck raised

by such evolution of fluids, in May, 1845, a few days after it left Cal-

cutta: and an explosion occurred at this ship about a minute after its

deck was so raised. Such deflagrating does not evolve aeriform fluids

suddenly enough to make a pop or chip ; unless the nitre is inclosed

"with the fuel, or thoroughly mixed with the fuel before deflagrating,

or thoroughly and suddenly mixed with it during the deflagrating, as

occurs in explosions which will be mentioned in the following part of

this paper ; excepting some cases which do not require describing in

this paper.

Nitre melts when heated hot enough to appear reddish in the dark;

and when exposed to a higher temperature, it effervesces by the es-

caping of its oxygen, and also by the escaping of its nitrogen when
its eff'ervescing continues long: and if when only melted, or when ef-

fervescing before it has eff"ervesced much, it is poured on water, it

produces crackling, and the chief of it is thrown from the water by
the sudden generating of aeriform fluid: which crackling seems to me
not powerful enough to be called explosion ; though perhaps some
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chemists so called it. When nitre under only atmospheric pressure, is

exposed to a high temperature, it is prevented from having its temper-

ature raised above a red heat by the evolving of its oxygen ; some-

what as water is prevented by its evolving steam, from having its tem-

perature raised above 212°: though somewhat proportionally as the

quantities of the gases of the nitre are expelled by heat, the result-

ing potassous residuum permits its temperature to be raised higher.

By heating nitre till so much of its gases escapes that its residuum
will not effervesce at a yellow heat, and then pouring it on Avater, it

commonly does not produce crackling nor rapid boiling till it cools to

dark red, when it produces rapid boiling, but nothing like explosion.

Hot nitre burns rapidly such fuel as wood, and before the nitre ex-

hausts its power of burning, it generates caloric enough to raise the

temperature of its remaining potassous product, to a white heat ; and
such product when bright white hot and effervescing a little or boil-

ing, by undergoing mixing with hot water, produces more violent ex-

plosion than gunpowder produces by burning when confined as it

usually is when stored : though this suggests that nitre may produce

explosions nearly this way in burning buildings, this theme needs dis-

cussing much further. Proof was given in some instances, that no
water was undergoing putting upon the building at the time of the

explosion ; but I am not aware of complete proof that water or watery
liquid was not in or under the building at the time of any explosion

which I attempt to explain nearly in this way ; modified by the pro-

perties of the materials which produce explosion : hot nitre has so

great power of burning organic substances, that generally a cargo

and bottom of a vessel will not prevent melted nitre from burning and
flowing downward so as to make a passage to the water beneath. Hot
nitre and hot products of its combustion, at different temperatures,

under prescribed circumstances, produce explosions by undergoing
mixing with water or watery liquids. But attempts without skill, to

produce intense explosions in this way, are apt to be frustrated by
divers causes ; thus, if nitre when with burning fuel, or its product
when white hot, touches earthy substances, as common crucibles, it is

apt to become so impure and cohesive, that when poured on water, it

will in some instances remain quietly on the surface of the Avater,

and in other instances, sink quietly to the bottom of the water, and
after remaining quiet a few seconds without communicating its heat
to the water very rapidly, it will then communicate its heat faster,

but will then only produce rapid boiling; the potass of the nitre may
be lost by its rapid evaporating at a white heat : some of the phenom-
ena of these explosions can not be as well observed by using a large
quantity of nitre at a time, as by using only a small quantity : and
such a small quantity of it as an ounce, may cool so much by expo-
sure to the air two seconds while moving it from the fire to the water,
as to prevent its producing explosion ; and if water is poured on the
nitre or its remaining product while in the fire, some of the phenome-
na cannot be seen: if the heating of the nitre is not extended far

enough, and it with its rapidly burning fuel, is poured on water, such
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a small quantity as an ounce, is apt to remain a second or more with-

out sinking into the water and without producing rapid boiling, after

which, by the explosive action of a small part of the nitre or it-s

melted product, the rest is thrown from the water ; in other instances

it cools without action violent enough to throw any of it from the

water. A hessian crucible may be used in expelling a large portion

of the gases from nitre, without heating the crucible so as to dissolve

it much ; by heating its upper part hot enough to melt some of the

nitre which the crucible may contain, and letting its lower part remain

rather less heated than its upper part, and putting a little wheat flour

or small pieces of charcoal or anthracite or saw-dust of wood, on the

nitre, and igniting the fuel, and adding such fuel in small parcels as

it burns and raising the temperature till the burning moderates at

a light red heat : after wdiich, the remaining product of said combus-

tion while warm, may be put in a thick forged iron crucible at a bright

white heat, and as soon as said product can be heated white hot, and
while effervescing a little or boiling, it may be quickly poured on
water which has a temperature of about 130°, or the crucible may be

put in the water while pouring; which will produce violent explosion.

Either porcelain, hessian or forged iron crucibles will answer imper-

fectly for both first and second heating. Moreover, I produced ex-

plosions in a way so diff"ering from said process as to expel gases from
the nitre by heat, without putting fuel in contact with the nitre : and
I produced explosion by mixing such hot pyrogenous product of nitre

with cold, and also with boiling water : and I also produced explosion

by continuing the deflagrating only till the product could have its

temperature raised to a yellow heat, and then while effervescing, mix-

ing it with water. Somewhat proportionally as the temperature of the

melted pyrogenous product of nitre, and the temperature of the water,

are higher, the more violent the explosion is apt to be, if any; though
producing explosion with the product of nitre at a bright white heat,

and water at near its boiling temperature, is difficult. Perhaps I can

not do better in attempting to give some idea of the violence of ex-

plosions so made, than to state that in violent explosion under some
circumstances, the hessian crucible which I used, was nearly all broken

by the explosion into pieces not larger than a grain of sand.

In burning common fuel with nitre, some of the gases escape, while

some carbon of the fuel combines with oxygen and potass of the ni-

tre, forming carbonate of potass
;
yet such burning operation in a

crucible, does not so saturate the remaining potass with carbon, as to

cause it to-operate exactly as common carbonate of potass does: thus,

when the purest commercial carbonate of potass is quickly heated

white hot in a porcelain or forged iron crucible, and poured on water,

rapid boiling commences immediately and continues a second or more
till explosion occurs ; though with the carbonate of potass at a rather

lower temperature Avhen poured, tlic explosion occurs before the rapid

boiling continues so long: but said pyrogenous product of nitre gener-

ally does not produce any rapid boiling before its explosion, though

it sometimes remains quietly in the water a second or more before its
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explosion : though in some trials without explosion, after such pyro-
genous product of nitre remains at the bottom of the water till it is

only red hot, some of it rises in globules and floats on the water; and
commercial carbonate of potass about as frequently so rises.

In burning buildings, nitre is heated chiefly by contact with burn-

ing fuel, and when heated merely in this way, the fuel so rapidly and
completely abstracts the oxygen from the nitre as to leave its potas-

sium free, which dissipates at the temperature produced by the defla-

gration of a large mass of nitre with such combustible substances as

dry wood, so that no considerable residuum or product of the nitre

remains liquid at a yellow heat : the highest temperature which the

liquid so produced, acquires before dissipating, is only a little above
the lowest temperature at which it will produce explosion by under-
going mixing with water. And in the deflagration of nitre Avith ma-
terials as combustible as dry wood, the nitre decomposes and dissipates

so rapidly, that, unless something fiicilitates mixing the nitre, the ca-

loric so generated does not have time enough to penetrate the nitre

so as to give much of it as high temperature as it might in a longer

time. My mixing water with such deflagrating mass, produced very
small explosion in some trials, and in other trials it did not produce
any explosion. Anthracite burns slowly enough with nitre to permit

a large mass of the remaining product of their combustion, to acquire

nearly a uniform temperature : which I proved by putting some burn-

ing anthracite in a large hessian crucible containing nitre, whereby
the nitre was heated only by the anthracite in the crucible, and when
the product of their combustion had acquired its maximum tempera-
ture, I poured water on it, which produced mediocral explosion ; not

as violent as those produced by pouring white hot pyrogenous pro-

duct of nitre, on water. I anticipate my readers inquiring whether
any impurity in nitre increases the probability of its producing ex-

plosion. The chief saline impurity in nitre is culinary salt, which in

the modern nomenclature of chemistry, is called chloride of sodium.
Heating this salt quickly, and, as soon as it acquires a bright white
heat and while efi"ervescing a little or boiling, pouring it on water at

the temperature of 150°, commonly produces violent explosion : with
"water at higher temperatures, explosions are produced with more dif-

ficulty> When chloride of sodium which is at a yellow heat and with-

out any eff'ervescing, is poured on water at 150°, the chloride com-
monly sinks to the bottom of the water if the water is only a few
inches deep, and without producing rapid boiling, remains there till

it is only red hot, when it rises in globules to the surface of the water,
and remains on the surface of the water without communicating its

heat to the water rapidly till it cools so as to appear reddish only in

the dark, and it next produces rapid boiling without explosion; some-
what proportionally as either the temperature of the chloride of sodium
•when poured, or the temperature of the water, is higher, the chloride
remains in the water longer before floating. By using cool water for

receiving the hot chloride of sodium, explosions are easily made. Un-
der some circumstances, such portions of chloride of sodium as often
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occur in commercial nitre, cause explosions to be more violent than

they would be without the chloride of sodium, especially with large

masses : thus, in nitre's deflagrating with quite combustible substances,

the rapidity of the deflagrating is diminished by such impurity, and

consequently the caloric has more time for penetrating the nitre, and

a larger quantity of the product of their deflagration exists at some

instant in such a state that it will produce explosion by undergoing

mixing with water, than would exist at any instant without the chlo-

ride of sodium: I put a little burning charcoal in a wooden cup a

foot deep, and put on this fire, nitre which had chloride of sodium

mixed with it, and when I guessed the nitre had nearly exhausted its

power of deflagrating, I poured water into the cup, which produced

stronger explosion than occurred in experiments without chloride of

sodium ; and explosion more generally occurred in experiments with,

than in experiments without chloride of sodium.

The above statements seem not sufiicient to enable a person to de-

duce a correct theory of the acting of the melted substance and water

on each other in such exploding; therefore I add, that heating quickly

the purest commercial caustic potass, white hot, and immediately while

efiervescing or boiling, mixing it with warm or hot water, produces vio-

lent explosion: and so making explosions with this material, is not as

laborious as making the same kind of explosions by nitre : other sub-

stances generate explosions in the same way: pouring antimony when
bright white hot, on warm water, produces violent explosion : and
pouring either lead, tin or bismuth when so hot as to evaporate rap-

idly, on warm water, commonly produces less violent explosion.

"When a metal so generates explosion, the acting of the metal and
water on each other, reduces the metal to powder. Substances are

much more apt to generate explosion by undergoing pouring upon
water while perfectly melted, than by undergoing pouring while co-

hesive. The diff"erence between the state of materials which generates

violent explosion, and that which generates no explosion, maybe very

small ; but the materials may be in such states as to generate explo-

sions of great varieties of force : a small explosion may result from

only a part of a mass being in a state adapted to generate explosion :

when the explosion occurs as soon as the melted material reaches the

surface of the water, the chief of this material is commonly thrown

from the water, and thereby prevented from mixing with the water so

as to do much in generating explosion; this is more apt to occur

with cold, than with warm or hot water : all materials do not require

the same temperature of the water for generating explosions: explo-

sions generated by hot water, are commonly rather more violent than

those generated by cold water : in a large portion of the cases of

violent explosion, the melted material sinks into the water quietly

and remains quietly at the bottom of the water a second or more be-

fore the explosion occurs ; such delay of the explosion is more apt to

occur somewhat proportionally as the temperature of the water is

higher.

Substances which require very high temperatures to generate vio-
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lent explosions by contact "with -water, and do not like nitre, intensate

fire, commonly are not heated hot enough in large quantities by the

burning of buildings which contain them, to generate violent explo-

sions : moreover, at the fire at Battery Avharf in Boston, I observed

small explosions generated by water's touching culinary salt ; some

of which I estimated to be about one-thousandth part as large as said

explosion generated by nitre in the schooner Sarah. Like nitrate of

potass, nitrate of soda deflagrates with combustible substances ; and
its hot effervescing product of deflagration, and also its residuum left

by expelling gases from this nitrate by heat without its touching fuel,

generates explosion by contact with water : the powers of these two

nitrates to generate explosions in this way, under such circumstances

as are apt to occur, seem to me nearly equal: one small difference is,

that in heating them under some circumstances, rather less of the

soda remains undissipated w^hich may generate explosion; and in such

case, it is less apt than nitrate of potass, to generate large explosion.

The Quarterly Review published at London in December, 1854, im-

plies that nitrate of soda generated explosion in the burning of Sis-

sons' warehouse at Gateshead. Chlorate of potass deflagrates with

combustible substances faster than nitre does : and its yellow hot

effervescing or boiling product of deflagration, and also its residuum

left by expelling its oxygen by heat without its touching fuel, generate

explosion by contact with water : this substance dissipates before it

becomes white hot, and does not remain liquid and hot enough to gen-

erate as violent explosion as is generated by the white hot pyroge-

nous product of nitre : though it can without producing all its power,

generate explosions strong enough to demolish the strongest ware-

houses. While chlorate of potass is deflagrating with fuel, and before

the chlorate nearly exhausts its power of deflagrating, water may be
poured on it without producing explosion. The using of nitrate of

soda and chlorate of potass, seems to be increasing, which is one cause

of my mentioning their said powers of generating explosion.

At some vessels, nitre or its remaining pyrogenous product, seems

to have acted with sea-water in generating explosion ; which induces

me to mention that I put into a large hessian crucible which contained

nitre, anthracite hot enough to burn with the nitre, whereby the nitre

was heated solely by the anthracite in the crucible, and when the re-

maining product of this combustion had acquired its maximum tem-

perature, I poured sea-water on it, which produced explosion. The
published evidence relative to the explosions at Crocker and Warren's
said store, implies that this store did not contain water at the time of

the explosions there ; and it proves that the cellar of this store con-

tained molasses, and that the foundation walls of this building were
nearly obliterated by the explosions ; which proof and other causes,

induce me to state that such product of nitre as generated explosion

with water, did not in my experimenting generate any explosion by
contact with either cold or warm molasses ; also, when nitre was
merely melted without effervescing, pouring it on either cold or warm
molasses, did not produce explosion; but nitre hot enough to effervesce
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rapidly and before it had effervesced long, by contact with either cold

or hot molasses of different kinds, always generated explosion; which

was not as violent as explosions made by pouring melted substances

at bright white heat, on water. Proof was given that no water was
undergoing putting on B. S. Woolley's said store at the time of the

explosions there ; but Woolley testified he believed the cellar of this

store contained brandy : I therefore add, that pouring said rapidly

effervescing residuum of nitre on the purest commercial alcohol, kin-

dles it without explosion ; but pouring it on a mixture of about one

part alcohol with two water, produces explosion. Perhaps I should

also add, that pouring such rapidly effervescing residuum on common
or more dilute sulphuric acid, produces explosion. In my trials im-

plied above, which produced explosions with molasses, with a mixture

of alcohol with water, and with common or more dilute sulphuric acid,

the nitre had not been heated sufficiently to generate explosion by
contact with mere water. Some anhydrous liquids, and also some an-

hydrous powders, which do not generate any explosive action by un-

dergoing slow heating, generate sufficient explosive action to produce

an obtuse clap by contact with hot, effervescing nitre or its pyroge-

nous product.

New Gun-metal.

The cannons newly cast in Austria for the marine service, and
from which so much is expected, are formed from a new alloy called

Aich metal from the name of the inventor. It is composed of copper

600 parts ; zinc, 382 ; iron, 18. Its tenacity is said to be excessive
;

it is easily forged and bored ; when cold it may be bent considerably

without breaking ; its resistance is far greater than that of iron of the

best quality.

This announcement makes us earnestly wish to learn the fate of the

cannon of aluminium-bronze, which M. Christophe cast at his own ex-

pense, and which was so severely tried at Vincennes.

—

Cosmos.

3Ianufaeture of Armor Plates.*

From the Mechanics' Magazine, April, 1862.

That the British Navy must be reconstructed by the substitution of

armor-plated ships of war for its old wooden walls, is now universally

admitted. It becomes, therefore, a most important question, what is

the best method of manufacturing the armor plates ? This subject

was first brought under the consideration of the writer when the

Thames Iron Works Company received the order for building the

Warrior, and it became a question with the firm whether they should

erect steam hammers for the purpose of forging, or increase the power
of their mills for rolling the plates. At that period, after careful

consideration, the conclusion was adopted, that the plan of hammer-
ing would produce the best results, and subsequent experience has, in

• Paper read by Captain J. Ford, at the Institution of Naval Architects, March 27th, 1862.
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the opinion of the writer, fully borne out that view. That the best

material for these plates is iron, appears to be established by all the

experiments which have been made ; many trials of plates of homo-
geneous metal, or steel of various descriptions, have shown that, al-

though thin steel plates have resisted shot better than iron ones, when
the thickness was increased beyond |-inch, there was visible inferior-

ity, and the thicker plates altogether failed.

Two qualities of the iron appear to be of prime necessity—touo^h-

ness and solidity. If the iron is hard and brittle, it is easily cracked

and broken by the shot ; if unsound, either from blisters or lamina-

tion arising from imperfect welding, the power of resistance is pro-

portionately diminished. It has been conclusively proved that any
given thickness of iron, if composed of layers of thin plates, has

very little resisting power in comparison with the same thickness of

solid plate ; and a plate apparently solid, but imperfectly welded, ex-

hibits the same weakness.

The process of rolling plates 4| inches thick, has been described

by the head of the eminent firm of Messrs. Brown & Co., of Sheffield,

in a paper read by him at the Institution of Mechanical Engineers,
Birmingham, as follows:—Bars, 12 inches broad, 1 inch thick, are

first rolled ; five of these are then piled and rolled into a rough slab;

two of these slabs are rolled into a plate 1-J inch thick ; four of these

plates are then piled and rolled into a plate 2^ inches thick ; and,

finally, four of these 2J-inch plates are piled and rolled into the fin-

ished plate. The hammered plates manufactured at the Thames Iron
"Works are made in the following manner :—Scrap iron of the best
description is carefully selected and cleaned, piled, hammered into a
bloom, and then rolled into bars 6 inches broad, 1 inch thick ; these
bars are cut up, piled, and again hammered into a slab ; several of
these slabs are put together, heated, and hammered to the form re-

quired, and this process being repeated, the plate goes on gradually
increasing to the length required.

In the manufacture of the best hammered plates there is no mystery;
it depends simply on the selection of the best material, and the em-
ployment of the most skilled and careful workmanship.

The writer confidently believes that scrap iron, rolled and ham-
mered as before described, is decidedly the best material, and superior
to any description of the puddled iron from which all the rolled plates

are understood to be made. That the toughness of iron is dependent
greatly upon the amount of working it undergoes, cannot be doubted.
This working has already been given to a great extent to scrap iron,

and the process of rolling it into the 6-inch bars, which are the raw
material of the future plate, gives it a degree of toughness and fibre

which it appears to retain through all the subsequent heating and
hammering.

The tendency of hammering to harden, does not take away this

toughness, and the process of annealing restores much of what is lost.

^Numerous experiments on single plates which have been fired at, and
close observation in the drilling, planing, and bending of the large
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quantities of plates which have been hammered in this manner, have
shown that the brittleness which has been attributed to hammered
iron is entirely avoided, and that the toughness of the iron is superior

to that of the best rolled plates which have hitherto been produced.

Solidity and freedom from blisters or lamination is unquestionably

more certain in the hammering process ; and when it is considered

that, to produce a rolled plate, 160 thicknesses of iron must be per-

fectly welded at every point throughout the finished plate, under pe-

nalty of there being lamination, tiie frequent occurrence of this evil

would seem to be inevitable ; the presence of dirt between any two
layers, or the failure to reach a welding heat in any part of the centre

of the large masses which have to be dealt with, being certain to pro-

duce this fatal result.

It must also be remembered that, as the hammered plate is gradu-
ally built up of the slabs before described, a comparatively small por-

tion of the mass requires to be placed in the furnace and heated at

one time, while in the rolled plate the final pile, 10 inches in thick-

ness, and weighing six or seven tons, must be brought to a welding
heat at once, and the operation of rolling completed before this heat
is lost. To obtain this heat throughout the mass without burning the

edges most exposed to the fire, can hardly be counted upon as a uni-

form result, and when this has been accomplished, and delay in drag-
ging it from the furnace, getting it to the rolls, forcing it between
them, and completing the rolling process, will spoil it, and the loss

even of a few moments, may be fatal to the success of the operation.

These difiiculties of course increase with the thickness and weight
of the plates ; the foregoing observations are made with reference to

plates 4J inches thick, such as are on the sides of the Warrior and
her companions ; but when, as in the case of the 3Iinotour and her
sister ships now building, the thickness of the plates is increased to

5|- inches, it may well be doubted if these difiiculties can be success-

fully overcome in the rolling process.

It will not perhaps be out of place to refer to the return made to

an order of the House of Commons, dated May 17th, 1861, of the

mode of manufacturing the armor plates of the Warrior, and three

of her companion ships, and the number of plates condemned in the

process of manufacture, with the reasons for their condemnation. The
Warrior's plates, about 950 tons, were all hammered, and only five

plates proved faulty in the process of manufacturing. Of the plates

for the Defence and Resistance, together about 1200 tons, all but six

were rolled ; 45 were condemned for being blistered, laminated, or

overheated ; and of the plates for the Black Prince, 950 tons in all,

of which above 100 tons were rolled, and the rest hammered, 10 rolled

plates and 32 hammered plates were condemned. It is to be observed,

however, that in the manufacture of the hammered plates for the

Black Prince, the whole operation was performed under the hammer,
and the process of rolling the initial bloom into 6-inch bars was omit-

ted. It is understood that, in the hammered plates which have fiiiled

comparatively under trial, this preliminary rolling has not been adopt-
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ed, and to this, to some extent, their failure to stand the test may
be due.

The experiments made at Shoeburyness by the Plate Committee on
plates of various thicknesses, and upon the Warrior and other targets,

have not yet been reported on by the Committee, but it is understood

by the writer, who, by the courtesy of the Committee, has had the

opportunity of observing many of the experiments, that those manu-
factured as described at the Thames Iron Works have exhibited uni-

form and superior excellence, which has also been exemplified in all

the trials of sample plates selected by the government officers, and
fired at at Portsmouth.

The attempt has recently been made to effect a combination of the

two processes of hammering and rolling; the slab 10 inches or there-

abouts in thickness, being forged under the hammer, then heated en
masse, and rolled in the same manner as the pile, forming the final

process described for the rolled plate. To this the writer objects, that

this plan involves the serious difficulties already adverted to as conse-

quent on the heating and rolling of so large a mass. Thus far expe-

riment confirms this opinion, as the plates manufactured in this man-
ner have proved under trial greatly inferior both to the rolled plates

and those hammered at the Thames Iron Works.
In the minor qualities of smoothness of surface and uniformity of

thickness, it may be observed that the hammered plates are quite

equal to the rolled, and with respect to cost of production up to the

thickness of 4| inches, the market price of hammered and rolled

plates is the same ; but if the thickness and weight be increased, the

cost of rolling will, without doubt, be seriously enhanced, while that

of hammering will remain but little, if at all, altered.

Injiuenee of Silica on Fermentation.

M. Leuchs announces that silica precipitated from soluble glass

gives rise to the alcoholic fermentation in a solution of sugar, espe-

cially if a little tartaric acid be added, and preserves this property in

a durable way. Washing in water does not remove this property.

—

Dingier s Folyteclinisches Journal.

Silvering Glass, ^c. J. Cimeg, Great Portland Street, London.

Dated March 13, 1861.

From the London Chemical News, No. 103.

For the purpose of depositing a bright film of metallic silver upon
glass and other surfaces, the inventor employs ammonio-nitrate of sil-

ver, to which he adds a solution of Rochelle salt (tartrate of potash

and soda). The silver is deposited by the action of this reducing

agent at the ordinary temperature of the air, no external aid being

required for the purpose of facilitating the production of the metallic

film. The thin layer of silver so formed may be backed and strength-

ened by an electro-deposit of copper, or other cheap metal. This
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method of operating is also useful for the coating of small objects

prior to electrotyping, which, being non-conductors of electricity, re-

quire to have a superficial conducting layer imparted to them. By
commencing "with a plate of glass having polished and dull surfaces,

an ornamental device may be executed.

This process of depositing bright metallic silver upon glass was ex-

perimentally illustrated by Professor Faraday at one of his Friday

evening lectures at the Royal Institution some years since. The
brilliant lustre of the truly " silvered " surfaces was much admired.

For the Journal of the Franklin Institute.

Strength of Cast Iron and Timber Pillars : A series of Tables show-

ing the Breaking Weight of Cast Iron, Dantzic Oak, and Red Deal
Pillars. By Wm. Bryson, Civ. Eng.

(Continued from vol. xliii., page 273.)

Solid Uniform Cylindrical Pillars of Dantzic Oak, Both Ends being Flat and
Firmly Fixed.
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Table comparing the strength of hollow uniform cylindrical pillars of cast iron hav-

ing both ends rounded or irregularly fixed, with pillars of the same dimensions having

both ends flat and firmly fixed ; deduced from the mean results of the preceding tables,

as computed by Mr. Hodgkinson's formulaj (three in each case); also, showing the mean
strength per square inch of sectional area, and mean ratio of strength.

Hollow Uniform Cylindrical Pillars of Cast Iron, with Both Ends Rounded or Irregu-

larly Fixed, and with Both Ends Flat and Firmly Fixed.
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.

u
a
(U

am

1
i a

Calculated
breaking weight ^

Calculated
breaking weight

.si

•''.S
^.5 J3 in tons from Cm « in tons from

'=,'? "-3.3 =5^ = ^^ formula, formula. •= s 1
t- o 5 -1^

o o — J3 3
r„^

'Z a ^&%J
D3-55_rf3-55

"3 S wc Sf.^
w-46-65 ;

r' > Y= r . = -S o^ c ^ l^^ w + Jc-

6 8 6 9 2280-52 1077-56 795-61 36-18

8 " (1 12 1398-42 682-90 31-05

10 « " 15 956-95 584-19 26-56

12 « (C 18 701-92 500-86 22-77
14 " <( 21 540-10 431-65 19-62

16 " << 24 430-42 374-46 17-01

18 •< 1( 27 352 32 327-14 14-87

20 « " 30 294-53 28781 13-08

22 " l( 33 250-47 11-39

24 (( «' 36 21604 9-82

26 '• " 39 188 55 8-57

28 (< « 42 166-23 7-55

30 If 45 147-83 6-72



44 3Iechanics, Physics, and Chemistry.

Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and

Firmly Fixed.
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20 « II 30 228-17 223-15 1306

6 <( 6-75 9 1534-26 709-55 526-82 36-38

8 (( II 12 940-81 453-20 31-29

10 « <( 15 643 80 388-45 26-82

12 (( ii 18 472-23 333-60 23-03

14 <( II 21 363-36 287-90 ]9 88

16 « II 24 289-57 25004 17-26

18 « •1 27 237-03 218-65 15-10

20 « II 30 198-21 192-56 13-29

6 « 700 9 1278-90 577-26 431-26 36-60

8 <( 11 12 784-22 371-93 31-57

10 it •1 15 536-65 319-50 27-12

12 <( II 18 393 63 274-90 23-33

14 « II 21 302 88 237-61 20-17

16 « 1. 24 241-37 206-63 17-54

18 « <i 27 197-58 180-89 15-35

20 (( II 30 165-17 159-41 13-53

6 II 7-25 9 999-13 440-16 330-84 36-84

8 II 1" 12 612-66 286-03 31-85

10 II II 15 419-25 246-25 27-42

12 <i i( 18 307-52 212-27 23 63

14 II II 21 236-62 183-77 20-46

16 i« •1 24 188-57 16002 17-81

18 II i< 27 154-35 140-23 15-61

20 II II 30 129-03 123-69 13-77
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Rounded or

Irregularly Fixed.
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Calculated
breaking weight
in tons from
formula,

D3-76_f?3-70 Value

of

W.
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a

Calculated
breakini; weight

in tons; from
formula,

-we
Strenptli

per

sq.

inch

of

suction

in

tous.

~ w-rJc*

6 8 6 9 1016-00 1077-56 600-16

8 " « 12 623-01 " 46907 21-33

10 « « 15 4-26 33 « 37213 16-92

12 <> « 18 312-71 It 300-62

6 <( 650 9 833-06 837-04 477-33 27-94

8 <i « 12 510-83 " 37553 21-98

10 (( (( 15 349-57 (( 299-38 17-52

12 « <( 18 256-40 « 242-73 14-21

14 « « 21 197-29 11-55

16 « « 24 157-22 9-20

18 « <( 27 128-70 7-53

20 t( t< 30 107-59 6-29

6 (( 6-75 9 72569 709-55 409-36 28-27

8 <( << 12 444-99 " 32312 22-31

10 <t «< 15 304-51 « 258-24 17-83

12 « <( 18 223-36 (1 209-77 14-48

14 « (( 21 171-86 11-86

16 " C( 24 136-96 9-45

18 i{ <( 27 112-11 7-74

20 <( « 30 93-72 6-47

6 <( 7-00 9 606-76 577-26 336-88 28-59

8 « " 12 372-06 «' 266-80 22-64

10 " i< 15 254-61 " 213-76 18-14

12 (( (( 18 186-75 «' 173-96 14-76

14 (1 « 21 143 70 12-19

16 « " 24 114-51 9-72

18 « (( 27 93 73 7-95

20 <( " 30 78-36 6-65

6 (( 7-25 9 475-53 440-16 259-80 28-93

8 i< i< 12 291-59 " 206-44 22-98

10 (( <( 15 199-54 « 165-82 18-46

12 « « 18 146-36 i( 135 20 15 05
14 " (1 21 112-62 (( 111-96 12-46

16 li (( 24 8975 9-99

18 (i " 27 73 46 8-18

20 (( 30 61-41 6-83
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Tables showing the Strength of Hollow Uniform Cylindrical Pillars of Cast Iron,

having both ends rounded or irregularly fixed, and pillars having both ends flat and
lirmly fixed ; deduced from the results of the late Mr. Eaton Hodgkinson's experiments
on the resistance of hollow cylinders of cast iron to a force of compression. Low Moor
Iron, No. 3.

Hollow Uniform Cylindrical Pillars of Cast Iron with Both Ends Rounded or Irregu-
larly Fixed—"The ends having hemispherical caps on them, that the compressive
force might act through the axis of the pillar."

^._3
'Z

""

o _2

(L>

s
a .

Internal

diameter

in

inches.

Number

of

diame-

ters

contained

in

the

length

or

height.

Breaking

weight

of

pillar

in

tons. la
"•> _.c -
^ o

C to

£<-S O

7-5625 1-78 1-21 5098 2-49 1-86

1-74 1-187 52-15 2-54 2-00

2-01 1415 45-14 3-73 2 32
2-33 1-70 3894 6-73 3-37

223 1-54 40-69 5-53 2-70

2-24 1-735 40-51 5-95 3-77

2-24 1-58 40-51 6-21 3-13

2-49 1-89 36-44 8-86 4-29

2-47 1-98 36-74 8-48 4-95

2-46 1-855 36-89 8-54 4-16

2-73 2-17 33-24 10-69 4-96

2-74 2-155 33-12 12-44 5-53

301 2-48 30-14 11-92 5-21

3-36 2-823 2700 18-29 7-00

336 2-63 27-00 22-53 6-56

475 1-78 1-21 32-02 6-11 4-56
" 2-31 1-67 24-67 16-24 5-34

2-5833 1-85 1-36 16-75 15-07 12-20

Hollow Uniform Cylindrical Pillars o

Firmlij
f Cast Iron, B
Fixed.

oth Ends bein^g- Flat and

7-3958 1-78 1-21 49-85 7-96 5 94
" 1-74 M87 51-00 7-45 5-86

7-5625 1-76 1-18 51-56 7-47 5-58
'• 1-75 Ml 51-85 9-35 6-50

7-3958 2 04 1-48 43-50 14-47 9-07

7-5625 2-01 1-368 45-14 13-74 807
7-3958 2 01 1-415 44-15 1265 7-90

7-4833 1-99 1-31 45-12 12-08 6-85

7-3958 2-23 1-54 39-79 18-11 8-86

2-5208 1-26 •767 24-00 15-03 19-15
" 1-26 •781 24-00 14 67 1911

2-1666 1-25 •768 20-79 15-75 20-63
" 1-17 •752 22-22 13-92 22-07

1-9166 1-16 •7705 19-82 1356 22-97

1-6805 1-21 •77 16-66 18-63 27-24
" 114 •805 17-68 12-11 23-67

1-4166 1-15 •91 14-78 11-38 29-32

1-3333 1-15 •92 13-92 U-20 29-97

1-2604 1-16 •932 13-03 11-93 31-85
" 1-08 •77 1400 12-11 26-89

1-1667 1-15 •792 12-17 16-64 30-48

0-7333 1-13 •91 7-78 1519 43-11
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Holloio Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.
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in
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2-5208 1-26 •767 24-007 1732 3847 14-43 IS 39
2-5208 1-26 •781 24^007 1708 37-63 14-19 1848
2-1666 1-25 •768 20^799 21 63 37-44 16-29 21 33
2-1666 1-17 -752 22-222 1646 30-93 12-84 20-35

1-9166 1-16 •7705 19-826 19-03 28-94: 1352 22-90

1-6805 1-21 -77 16666 28 83 33-54 17-91 26-18

1-6805 1-14 -805 1 7-689 20-71 250S 13-14 25-69

1-4166 1-15 -91 14^781 22-73 19-03 11-69 30-11

1-3333 1-15 •92 13-921 2443 18-32 11-72 31-36
1-2604 1-16 •932 13 038 27-36 18-36 12-21 32 61
1-2604 1-08 •77 14004 27 48 22-07 13-77 30-59

1-1667 1-15 •792 12174 41-03 2G-76 17-97 32-91

0-7333 M3 -91 7-787 59-37 17-27 14-17 40-22

Table comparing the Strength of Hollow Uniform Cylindrical Pillars of Cast Iron

having Both Ends Rounded or Irregularly Fixed, with Pillars having Both Ends
Flat and Firmly Fixed ,- deduced from the results of the late Mr. Hodgkinson's
experiments.

U

1
1

u

RoD>T)ED Ends. Vlat Ends.

c

Ends having hemispherical
caps on them, that the com-

pressing forci- might act

Ends turned flat and per-

pendicular to the sides.

a

££
£ a

c S

ii Q
iniber

of

d

contiiini'd

length

or through the txis of pillar.

Break, weight
of pillar

in tons.

Break, weight
per sq. inch
of section

Break, weight
of pillar

in tons.

Break, weight
per sq. inch
of section

3 H « Z in tons. in tons. A

90-75 1-78 1-21 50-98 2-4933 1-86
\ 3^19

88-75 1-78 1-21 49 85 7-9642 5-94

90-75 1-74 1-187 52-15 2-5495 2-00
I 2-92

88-75 1-74 1-187 51-00 7-4575 5-86

90-75 2-01 1-415 45-14 3-7308 2-32

J

3-39
88-75 2-01 1-415 44-15 12-6575 7-90

90-75 201 1-368 45-14 13-7450 8-07

90-75 2-23 1-54 40-69 5-5308 2-70

J

3-27
88-75 2-23 1-54 39-79 18-1111 8-86

90 75 2-73 2-17 33-24 10-6977 4-96

90-75 301 2-48 30-14 11-9227 5-21

90-75 336 2-63 27 00 22-5343 6-56

5700 1-78 1-21 32-02 6-1129 4-56

57-00 2-31 1-67 24-67 16-2419 5-34

30-24 1-26 0-767 24-00 15-0352 19-15

31-00 1-85 1-36 16-75 15-0727 12-20

30 166 1-21 IO-77 16-66 18-6388 27-24
8-7996 1-13

1
0-91 1 7-78 15-1950 43-11

Mr. Hodgkinson remarks, " In hollow pillars of greater diameter at one end than the

other, or in the middle than at the ends, it was not found that any additional strength

was obtained over that of uniform cylindrical pillars ; on the other hand, the strength of

these seemed to be greater ; with respect to this, however, the conclusions were not very

decisive."



48 Mechanics, Physics, and Chemistry.

As solid pintles of cast iron were employed in the construction of

the Pemberton Mill, Lawrence, Mass., I here introduce the following

calculations for short solid pillars, with the intention of referring to

them again.

Solid Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.

3 ?

p J - Value of w Calculated Is
o

c in tons from <^ breaking weight cr"^
'^

. " '^ h. ^ foriuuhi, (^ in tons frum u "^

c 3 _c = |-;|)
°

formula, M
tcl s J 0,5 J w=4416--

.

1
VTC «'iCo S 5 = g i^^ r- T == c "

i3
c ^^"' AT + Je- £ =

M

Foot.

1 3 4 2181-76 34636 309 50 43-81

1-25 " 5 1493-03 " 29502 41-73

1-48958 « 5 958 1108-16 i( 280-58 3969

This last pillar i s of the same dimensions as the pintles referred to in the Pemberton
Mill, an d the following calculation is for the same with rounded ends or

larly fixed.

—

irregu-

Solid Uniform Cylindrical Pillar of Cast Iron, Both Ends being Rounded
or Irregularly Fixed.

j)3-76

w = 14-9V, .

1-48958 3 5-958 470-93 346-36 223-22 31-57

(To be Continued.)

Apparatus of 31. Schau for avoiding Scale in Boilers.

The apparatus of M. Schau consists of a cylinder closed on top and
connected with the boiler by a short tube. Into this cylinder the feed

water is thrown in a shower, so that the heat of the steam brings it

instantaneously to the boiling temperature before it reaches the boiler.

This rise of temperature precipitates the solid matters which are de-

posited in the cylinder, while the water in a purified state goes to the

boiler. An Austrian locomotive provided with this apparatus ran over

5500 miles (8880 kilom.); during which about 45 lbs. of a soft mate-

rial like soap was deposited in the cylinder, while the boiler was kept

perfectly clean. This result is the more remarkable, since at the be-

ginning of the experiment it was coated, to a thickness of ^^gths of an

inch, with a solid crust, which completely disappeared during the ex-

periment.

M. Engerth, State-Counsellor, who presided at the meeting of Aus-
trian Engineers, to which the above was communicated, remarked that

it was probably his experiments on locomotives which suggested to M.
Schau the first idea of his simple and ingenious apparatus. It is known
in fact that when the feed water returns to the tender after being

Strongly heated, there is formed in that reservoir a considerable de-

posit, whilst the boiler itself is comparatively free.

—

Zeitschrift der

Osterreichischen Ingenieur-vereins.
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The Poisonous Effects of Carbonic Oxide. By II. Letheby, M. B.,

M. A., Ph. D., &c., Professor of Chemistry and Toxicology in the

Medical College of the London Hospital.

From the London Chemical News, No. 124.

A good deal of misapprehension seems to prevail respecting the

poisonous action of carbonic oxide. On the one hand, accidents have

somewhat recently occurred where in all probability the effects of the

gas were entirely overlooked ; and on the other, fatal consequences

have been unjustly attributed to it. Some of this confusion is due to

the circumstance that our standard works on poisons and medical

jurisprudence have either omitted the subject entirely, or have dis-

cussed it in very meagre language. The recent catastrophe at the

Hartley colliery, and the remarks which have been published respect-

ing the supposed influence of the gas in causing the death of the men,
have created an opportunity for a re-examination of this question.

Carbonic oxide was discovered by Priestley long before the close of

the last century; and in 1802, Clement and Desormes, at the instance

of Guyton Morveau, undertook a careful examination of its proper-

ties. They not only proved its cliemical nature, but they also ascer-

tained that it was a poisonous gas. Birds put into it dropped dead«

before they could be taken out ; and when the experimenters them-

selves attempted to breathe it, they were attacked with giddiness and
faintness. This experiment was repeated by Sir Humphrey Davy in

1810, who says that when he took three inspirations of it, mixed with

about one-fourth of common air, the effect was a temporary loss of

sensation, which was succeeded by giddiness, sickness, acute pains in

different parts of the body, and extreme debility ; some days elapsed

before he entirely recovered. It is, he says, fatal to animal life.

About the same time, the researches of Nysten demonstrated that

the gas was capable of producing great disturbance of the system

when injected into the veins ; and although he concluded that the ef-

fects were of a mechanical nature, yet the accounts which he has given

prove that the gas is a dangerous poison.

Later still, in 1814, the two assistants of Mr. Higgins, of Dublin,

made experiments with it upon themselves, and in one case, that of

Mr. Wilter, with almost a fatal result. Having exhausted the lungs

of air, he inhaled the pure gas three or four times, and was suddenly

deprived of sense and volition ; he fell upon the floor, and continued

in a state of perfect iiisensibility, resembling apoplexy, and with a

pulse nearly extinct. Various restorative means were employed, but

without success, until they resorted to the use of oxygen, which was
forced into his lungs, and then his life was restored; but he was af-

fected with convulsive agitation of the body for the rest of the day.

He suffered also from violent headache, stupor, and a quick, irregular

pulse. Even after mental recovery, he suffered from giddiness, blind-

ness, nausea, alternate heats and chills, and irresistible sleep. The
other gentleman, after inluiling the gas two or three times, was seized

with giddiness, tremor, and incipient insensibility. These effects were
Vol. ALIV.—Thikd Skuiks.—I\o. 1.—July, 18C2. 5
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followed by languor, weakness, and headache of some hours dura-

tion.

Since those experiments were made, others of a more extended

character were instituted by Tourdes and by Leblanc. Tourdes found

that rabbits were killed in seven minutes when they were put into a

mixture of one part of the gas with seven of atmospheric air. A
fifteenth part of the gas in common air killed them in twenty-three

minutes ; and a thirtieth part in thirty-seven minutes. Leblanc's ex-

periments were made in conjunction with Dumas, and he ascertained

that one per cent, of the gas in atmospheric air would kill a small

dog in a minute and a half, and that birds were killed immediately in

a mixture containing five per cent, of it.

Very recently, I have myself ascertained that air containing only

0*5 per centum of the gas will kill small birds in about three min-

utes ; and that a mixture containing one per cent, of the gas will kill

in about half this time. An atmosphere having two per cent, of the

gas will render a guinea-pig insensible in two minutes; and in all these

cases the effects are the same. The animals show no sign of pain
;

they fall insensible, and either die at once with a slight flutter, hardly

amounting to convulsion, or they gradually sleep away as if in pro-

• found coma. The post mortem appearances are not very striking :

the blood is a little redder than usual, the auricles are somewhat

gorged with blood, and the brain is a little congested. In birds

there is nearly always effusion of blood in the brain, and it may be

seen through the transparent calvaria by merely stripping off the

Bcalp after death.

Accident has also demonstrated how injurious the gas is even to

the human subject. For many years past attempts have been made
to promote the use of water-gas as an agent of illumination. The
gas sometimes contains as much as thirty-four per cent, of carbonic

oxide. It is obtained by passing steam over red-hot charcoal ; and

as the steam is decomposed by the ignited carbon, the hydrogen is

set free, and carbonic oxide, with carbonic acid, is produced. Pa-

tents for this process of manufacturing gas date as far back as the

year 1810, and they have at various times been put into operation in

this country and on the Continent. Sellique, in 1840, obtained per-

mission to use the gas in the towns of Dijon, Strasburg, Antwerp,

and two of the faubourgs of Paris and Lyons. At Strasburg an ac-

cident occurred which put a stop to its use. The gas escaped from

the pipes into a baker's shop, and Avas fatal to several persons; and

not long after an aeronaut, named Dclcourt, incautiously used the gas

for inflating his balloon. He was made insensible in the car, and those

who appi cached the balloon to give him assistance fainted and fell

likewise. The use of the gas has, therefore, been interdicted on the

Continent.

Another source of danger from it is in the combustion of carbon.

It is found in the neighborhood of brick-kilns and furnaces. The

gases discharged from the latter contain it in large proportion. Iron

furnaces produce it to the extent of from twenty-five to thirty-two
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per cent., and copper furnaces from thirteen to nineteen per cent. In
the year 1846, M. Adrien Chenol was anxious to ascertain the pro-

perties of the gases yielded by his process of smelting zinc ores with

carbon; and, not having a suitable instrument for collecting the gases,

he attempted to draw them out of the furnace by means of a pipette.

Some of the gas was thus inhaled, and he fell immediately, as if he

had been stunned ; the eyes were turned back in the orbits, the skin

was discolored, the veins were swollen, and presented a black tint

under the skin; there were violent pains in the chest, and the brain

felt powerfully oppressed. After removal to the open air, and the ap-

plication of restoratives, sensibility gradually returned, but the inter-

nal pains were still severe, and there was a feeling of suffocation. For
several days he felt depressed and languid ; the digestion was bad

;

sleep was obstinate and heavy, and it was frequently disturbed by
cramps in the knees and toes. Even for months afterwards there was
a morbidly excited state of the nervous system.

In a more diluted condition, the gas is still able to exert an injuri-

ous action, and it is very probable that the singular catastrophe which
happened at Clayton Moor, near Whitehaven, in the summer of 1857,
was caused by the diflFusion into the air of carbonic oxide from the

neighboring iron furnaces. There is a row of cottages near to these

furnaces, where, in the month of June, 1857, a number of persons

were suddenly seized with insensibility, which soon passed in some
cases into coma and death. About thirty persons were thus attacked,

and six of them died. The effects were attributed at the time to the

escape of sulphuretted hydrogen from the slag on which the cottages

were built ; but it is more probable they were caused by the oxide of

carbon from the furnaces.

Lastly, it is worthy of remark that very recently Boussingault has

noticed that the leaves of aquatic plants give off carbonic oxide and
marsh gas when under the influence of solar light ; and he asks whe-
ther this gas so produced may not be concerned in the unhealthiness

of marsh districts.

A more complete acquaintance with the effects of this poison is a

great desideratum, although enough is known to indicate its general

mode of action, and to furnish evidence for its discovery.

—

Lancet.

Ratan Deep-Sea Electric Telegraph Cable.

From the Journal of the Society of Arts, No. 490.

Mr. C. S. Duncan, the inventor, in adopting the Ratan Cane as an
external protecting cover to the conducting wire and insulating me-
dium, desires to employ a material which has not hitherto been used
for deep-sea cables ; he has been guided in the choice of cane by its

being a fibrous substance, having great flexibility, lightness, strength,

and durability when submerged. The cane has long been used by the

Chinese and Malays for cables as applied to anchors, and for making
fast their junks to the banks of the great rivers and canals through-
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out China ; and the testimony of officers in the Royal Navy, and mer-
chants of great eminence, who have resided for many years in that

country, corroborate this fact ; and the ocean animalculae are not

known to touch or destroy it.

The natural silicated rind has been submitted to great hydraulic

pressure, and is found to be impermeable to the passage of water into

the interior fibre, and, like all other Avoody substances when long sub-

merged, as in the case of the timbers of a vessel that has foundered

at sea, becomes eventually petrified and indestructible. The cane it-

self neither possesses resinous, oleaginous, nor saccharine matter

;

consequently, no destructive chemical change is effected by submer-
sion.

The cane can be obtained in inexhaustible quantities in Lower Ben-
gal, Ceylon, Singapore, and China, in lengths of fifty feet and up-

wards, of an uniform gauge when properly selected, and at a price so

moderate as to render this cable the cheapest that can be constructed,

according to the statement of the inventor.

Cane is susceptible of many combinations, either with or Avithout

wire, laid on in a spiral form, and is prevented from kinking by using

strands, either of wire, hemp, or cane, laid on at right angles to the

length.

The joints under test are as strong as the cane itself, and arranged
to fall at intervals so as to break joint.

In paying out the cable, very slight machinery appears to be re-

quired; and instead of its descending perpendicularly from the ship's

side, it will submerge in an even or horizontal position, having suffi-

cient weight to overcome flotation, and cause it to gravitate gradually
to the bottom of the ocean.

The Ratan cane, as a non-conductor, will not generate heat in the

hold of the vessel, thus keeping the insulating medium at all times
cool and equal, and allowing the tests to be carried on with greater

certainty. The advantages, therefore, of this cable may be summed
up thus :

—

1st. Its great flexibility, without elasticity or compressibility.

2d. In not being aff"ected by heat or moisture.

3d. Its being imperishable in sea water.

4th. Its strength and perfect protection to the insulating medium.
All such media being too tender to be exposed as outer coverings,

from certain risk of puncture, abrasion, shifting from vessel to vessel,

pressure on loAver sheaves of the cable when coiled in the hold from
the superincumbent weight, and injury from overheating.

5th. The silicated rind, having a complete natural security against

the attacks of animalculoe.

6th. Its pliability in coiling, facility in paying out, and submerging
in an even or horizontal line without kinking.

7th. The buoyancy and resilient properties of the cane rendering
it less susceptible to friction and abrasion.

Finally, the inventor states that it can be manufactured at a price

one-third less than any other cable.
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The following are stated to be the results of tests wLich have been
applied to this cable :

—

The cable when covered with cane alone—weight, I ton. Break-
ing strain, 2J to 3 tons.

When combined with steel wire—weight not exceeding 1-|- ton.

Breaking strain, from 4 to 5 tons.

When constructed in this latter manner, the sinking or dead weight
of the steel wire is compensated for by the floating power of the cane,

and the cable would descend in a horizontal position to the ocean bed
slowly and without strain, and capable of spanning any sub-oceanic

valley three or four miles in width, without risk of breaking.

Diameter, in every instance, within an inch.

Method of Preserving Fruit Trees from Frost.

In the month of February, while the ground is still frozen, a rather

thick coat of cold manure is spread around the roots of the trees.

This is allowed to remain until all danger of frost is past. It prevents

the thawing of tlie ground and checks the budding of the trees, but so

soon as the manure is removed they bud and flower rapidly.

—

Ding-
ier s Polytcchnisches Journal.

PesuJphuration of Iron in Puddling.

Prof. Richter, of Leoben, Styria, recommends the oxide of lead

(litharge) for this purpose ; and in an experiment in which 4 lbs of

litharge were added to 865 lbs. of iron, 4 lbs. of sulphuret, and f lb.

of phosphuret of iron, the results were wholly satisfactory, the iron

being entirely soft and malleable. The operation was moreover finish-

ed in much less then the ordinary time.

—

Dingier s Polgtechnisehes

Journal.

For the Journal of the Franklin Institute.

Stalilitij of Vessels in Water. By John W. Nystrom.

This subject is discussed in almost every work on ship-building, but

in most cases so complicated that it requires a scientific man to un-

derstand it. I have frequently been consulted on the subject, and
considering its great importance in the new era of naval architecture,

have written this article, which I have endeavored to make as simple

and practical as possible. I will not here enter into any proofs of the

formulas, which would render the article too long and tedious, but will

only give the conclusive substance which bears directly on practice.

In constructing iron-clad vessels, it is difiicult to bring down the

centre of gravity low enough to make a good sea-going vessel, where
the momentum of stability must be in a safe proportion to its sailing

momentum.
6«
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D B^ tan. V

772* L^

fcs&^i-^"^wi3.^-^:^3VV:r--^ w ?=D (5 + a sin. v).

Metacentre m = h cot. v.

^^^^^z^^^g2==^=3§^=-'^^ Depth ^ = cZ COS. f V.

sin. t; \^ D y

1.

2.

3.

4.

5.

^^^^rS^-sj Z = sin. V (7i— r sin. v) + r sec. t; + 5. 6.

^^^

f^ Capsizes when a sin. i;= or > 6.

Careen force w= / A sin. z cos. u. .

Sailing force F = / A sin. z sin. w. .

:pi^ 3
Miles per hour M = I

F

6^

^^^^.^^^^-= Force of wind / = 4 ®M=
A sin.2sm. w

9.

10.

11.

12.

* 772 for salt and 750 for fresh water.
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Definition of Letters.

D = displacement of the vessel in pounds.

M = greatest immersed section in square feet.

B = breadth of beam in feet in the water-line.

L = lenffth of the vessel in feet in the water-line.O
a = the vertical distance in feet between the centres of gravity of

the vessel and displacement when in equilibrium. When
the centre of gravity of the vessel c is below that of the

displacement e, as in fig. 1, then a is positive, or +a; and
•when c is above g, as in fig. 2, a is negative, or — a.

b = horizontal distance in feet from the centre of gravity of the dis-

placement when in equilibrium to the same centre when
out of equilibrium.

e = centre of gravity of the vessel.

e = " " displacement.

d = depth of the centre of gravity of the displacement under water-
line in feet when in equilibrium, and

d = depth of the same centre when out of equilibrium.

/ = force of wind in pounds per square inch. (See Nystrom's
Pocket Book, page 233.)

h = vertical height in feet from the centre of gravity of the dis-

placement to the centre of the weight w, fig. 2, when the
vessel is in equilibrium.

r = horizontal distance in feet from the centre of the vessel to the
centre of the weight w, fig. 2.

I = leverage in feet, upon which any force acts to careen the ves-

sel, to be calculated from the centre of gravity of the dis-

placement, perpendicular to the direction of the careenino-

force. In sailing, I is taken from the centre of gravity of
the displacement to the centre of eifort of the sails.

m = vertical distance in feet from the centre of gravity of the dis-

placement when out of equilibrium to the metacentre m.

V = careen angle of the vessel.

u = angle of the sails to the length of the vessel.

z = angle of the wind to the sails.

^ = area of resistance of the vessel in square feet. (See Nystrom's
Pocket Book, page 233.)

A =s area of all the sails in square feet.

M = miles or knots per hour, by sailing.

F = force in pounds acting to propel the vessel forward.

w = any weight or force in pounds acting on the lever I, to careen
the vessel.
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Example 1. The U. S. steam frigate Niagara is l = 329 feet long,

B = 55 feet wide; greatest immersed section, .^=855 square feet;

displacement, = 11,200,000 pounds; vertical distance between the

centres of gravity of displacement and vessel assumed to be — a = 2*5

feet. What momentum (w l=t) is required to careen her to an angle

oi v = 8°, and what force (w •= ?) is required on a lever of ^ = 35 feet ?

Formula 1 ^^ 11.200,000 X 55^ X tan. 8° _jiormma i. o _
^^^ x 329 X 855^

The required careen momentum will be
.

Formula 2. w Z = 11,200,000 (1-414— 2-5 sin. 8°) = 11,940,820

foot pounds, and the

11 940 S'^O
Force w = —' ^' = 341,152 pounds = 152 tons.

35 ^

Example 2. It is required to find the momentum of stability of a

man-of-war, by moving a number of guns of known weight from one

side to the other. Each gun weighs 25,000 pounds, and four guns are

moved to the opposite side, to r = 20 feet from the centre of the ves-

sel ; the height of the centre of gravity of the guns above the centre

of gravity of displacement is A= 16 feet. There will be eight guns of

25,000 pounds, or \v= 200,000 pounds careen weight on one side, by
which the vessel is careened to an angle of v=^l° 20'. Dimensions of

the vessel are D =6,150,000 pounds, B = 40 feet, l= 260 feet, and
^=566 square feet. Required the vertical distance between the

centres of gravity of the vessel and displacement, a= ?

^ - . , 6,150,000 X 403 X tan. 7° 20' ^ ^oo . ,
Formula 1. h =

772x260x566^ = ^'^^^ ^''''

Formula 6. I = sin. 7° 20' (16— 20 X sin. 7° 20')

-f 20 sec. 7° 20' + 0-788 = 22-666 feet.

Formula 5. + a =
sin. 7° 20

/200.000 X 22-666 „ ^oq\

\ 6, 150,000
^-'^^j

— 0-698 feet.

a IS negative when — < o.

Examples. A sailing vessel of = 1,792,000 pounds, j^"=245
square feet, B = 27 feet, l = 175 feet, area of resistance (V = 27*4

square feet, (see Nystrom's Pocket Book, page 233,) area of all the

sails A= 6100 square feet, centre of effort of the sails above the cen-

tre of gra^vity of displacement I = 36 feet, a =— 1-25 feet, angle of

sails to the vessel m = 35°, angle of wind to the sails 2=^40°. Re-

quired the careen angle v = ? and sailing speed M =? in a high wind

of / = 9 pounds per square foot.
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Formula 0. w = 9 X 6100 X sin. 40° X cos. 35° == 28840 pounds.

, ^ , 1792000 / 1792000 X273 , ^^\
Formula i. cot. . - ^^^-^^^^ ( TlTx^l7-^-245^

" ^'-'"j

= ,5-37 = cot. 10° 30' the angle required.

The sailing force will be

Formula 10. F = 9 X 6100 X sin. 40° X sin. 35° = 20170 pounds.

From which the sailing speed will be

Formula 11. M=\/^.—r^-r—f =11 knots per hour.
\b X -••4 ^

Compressed Coal.

From the Lond. Mining Journal, No. 1352.

The value and importance of an invention which can profitably

utilize that great proportion of this our great staple product that is

now entirely lost, was fully adverted to in last week's Journal. It

was there shown, upon the authority of Mr. Alex. Bassett, that 40
per cent, at least was never even brought to surface, as, according to

present arrangements, it would not pay for raising. The question of

the compression of coal has engaged the attention of mechanical and
scientific men for many years, the great diflBculty having been to bring

about the desired result without the admixture of extraneous cohesive

matter. By the amalgamation of several inventions, the patent rights

of which have been purchased by the company now before the public,

this coveted goal appears to have been reached, it being stated that

the smallest coal can be compressed into blocks which occupy one-

third the space of ordinary coal, taking but 31 cubic feet to the ton,

while raw coal averages from 44 to 48 feet. The process by Avhich

these compressed blocks are obtained is inexpensive, and without com-
plication. In the first place, the pure coal-dust, or slack, is conveyed
through a washing machine, for the purpose of disconnecting it from
any stony particles it may contain. It is then subjected to a steady

heat, until its bitumenous parts are rendered quite soft, after which
it is passed into a moulding machine. This comprises a rotary table

containing the moulds, around which are situated three presses

—

namely, the feeder, for filling the moulds; the main press for condens-

ing the block ; and the discharger, which removes the block out of the

mould, whence it falls into a traveling web, which carries it away. The
presses act simultaneously, and between each stroke the table makes
one-third of a revolution, by which the coal is removed from one press

to the other. An apparatus is provided for extracting the gases from
the coal during pressure, ingeniously opening out the air-passages at

each stroke, which would otherwise become choked by the bitumen.

In these presses, necessarily of a very powerful description, breakages
would be always occurring, but for a provision which has been made
by the fulcrum of the levers of the main press resting on the ram of

a hydraulic press, the safety-valve of which is loaded only to the ex-
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tent that the strength of the machine will bear. Each machine, which
is inexpensive in construction, is capable, it is calculated, of making
28 tons per day, at an estimated cost of 25. per ton. From having
during the process of washing the stony parts removed, and from the

lighter gases which produce smoke being driven off during the manu-
facture, it is said that steam vessels provided with these blocks of com-
pressed coal will carry fuel for steaming nearly double the number of

days ; and, moreover, that this fuel is free from the danger of spon-

taneous combustion. For domestic and manufacturing purposes it is

cheaper and cleaner than raw coal. We understand that the company
has met with a most favorable reception from the public, and that ac-

tive operations will forthwith be commenced.

Gigantic Iron Casting.

From the Lond. Mechanics' Magazine, January, 1862.

In noting, says the Liverpool Albion^ the iron-work capabiHties of

Liverpool, we have on several occasions been led to refer to the ease

and success with which the most Titanic kinds of iron-work can be
accomplished in the leading establishments of the town, and it affords

us pleasure to mark and chronicle from time to time the practical illus-

tration of such skill and power. A notable and gratifying instance

of this was afforded to us on Friday afternoon, at the well-appointed
and extensive foundry and engineering works of Messrs. Fawcett,
Preston k Co. This was the casting of a huge fabric of iron, intended
as the sole or anvil-block of a gigantic steam hammer, about to be
erected on the premises of the Mersey Steel and Iron Works. Some
idea of the magnitude of this casting may be formed from the state-

ment that it was a somewhat irregular mass of metal measuring nine
feet square on the base, which is twelve inches thick. From the mid-
dle of this base there rises a vertical projection five feet high, seven
feet wide from side to side, and twenty inches thick. This, which
forms the bed of a steel anvil, is supported by four diagonally-shaped
ribs, tapering from the base to the top of the vertical ridge ; these
ribs being each twelve inches thick. Midway between the ribs, there
are two blocks, one on each side of the vertical ridge, and connected
with it, each measuring two feet high by two feet six inches wide.
The whole of this irregular series of concentric cubes form, it must
be remembered, one homogeneous mass of metal of the enormous
weight of between thirty-five and thirty-eight tons. To complete this

stupendous casting, no less than forty tons of metal were melted; yet
such are the comprehensive and efficient means of operation possessed
by Messrs. Fawcett, Preston & Co., that the -whole of this immense
weight of metal was fused and run without any addition to their ordi-

nary appliances or staff of operatives. The casting, which was in

every respect most successful, was witnessed by a large assemblage
of ladies and gentlemen, the scene being at once impressive and inter-

esting. In a semicircle were arranged a large number of curiously
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anxious spectators, -wliile the central space was occupied by huge
cranes, worked with energetic activity by stalwart men, whose swart
brows formed a striking contrast to the inquiring and half alarmed
visages of the on-lookers, as they gleamed in the fiery radiance of the

cataracts of molten iron which spouted from the seemingly volcanic

mouths of two vast air furnaces, or received a conflicting glare from
huge tubs of liquid metal gathered from the outlets to two blast cu-

pola furnaces, as their contents were added in supplementary libations

to the raging streams of glowing metal weltering through the portals

which lead to the deeply buried mould. Variety was given to this

impressive scene by rapid and numerous corruscations of stellar par-

ticles shot oiF from the fiery mass, and forming a pyrotechnic display

of unusual brilliancy. The whole of the perilous- looking process of

casting was completed in less than a quarter of an hour from the

opening of the furnaces, and, happily, without the slightest accident.

On the Employment of G-alvanized Iron for Armor-plated Ships.

By Dr. Calvert.

From the Lond. Jlechanics' Magazine, April, 1862.

The author stated that no doubt many gentlemen present were ac-
quainted with the fact that he had been for some time past enga<^ed
in ascertaining the chemical composition of various woods employed
and susceptible of being employed in the navy. On a recent visit to

one of the dockyards, he found that, while the armor-plates were fixed
against a layer of teak, tiie ribs of the ship were of oak, and that the
iron bolts which were to fasten the plates were to pass through the
oak ribs. It occurred to him that the inconvenience which would pro-
bably result from the action of the oak upon the iron might be obvi-
ated by substituting galvanized iron bolts for those now in use, and
he therefore instituted a series of experiments, the results of which
he had great pleasure in laying before the meeting.

The first series of experiments consisted in having driven throucrh

large pieces of oak, bolts and screws of iron and galvanized iron pre-
pared by his friends, Messrs. Richard Johnson and Brother, of Dale
Street, Manchester, which were then immersed in soft and sea water
for the last three months. The results clearly showed, first, that the
friction did not remove the zinc from the galvanized iron ; secondly,
that the oak and galvanized bolts were unchanged; whilst in the case
of the iron bolts, they were much rusted, and the pieces of oak had
become quite black by the formation of tannate and gallate of per-
oxide of iron. During the experiments, the waters were changed
every week, and those containing the galvanized iron appeared un-
changed, whilst in the case of the iron, they had a dark blue-black
appearance, owing to the formation of gallate and tannate of iron.

In order to ascertain the comparative action of soft and salt water
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upon iron and galvanized iron when in contact with oak under iden-

tical circumstances, he made the following series of experiments.

Plates of galvanized iron, having 18 inches of surface lost, daring

three months, the following weights :

—

Soft water. Sea water.

Plate No. 1, . . 0-10 grains.

" No. 2, . Oil "

" No. 3, .... . 0095 grains.

" No. 4, .... 0090 "

Similar plates of iron lost during the same time :

—

Soft water. Sea water.

Plate No. 1, . . 1-23 grains.

" No. 2, . 1-52 "

•' No. 3, .... . 2-40 grains.

" No. 4, . . . .2 38 "

There can, therefore, be no doubt that galvanized iron offers great

advantages, the action of water on it being less than a tenth of the

game action on ordinary iron. As there is no doubt that iron when
galvanized is in the most favorable electrical condition to resist the

action of oxygen, being in an electro-negative condition, it follows

that, in all probability, the use of galvanized iron would be very ad-

vantageous in armor-plated and other iron ships. The author hoped
that government, and other large ship-builders, would avail themselves

of this suggestion, and make experiments on a large scale to verify

the results he had obtained.

The Salting .nf Brich-worh. By Jos. A. Davies.

From the London BuilJer, No. 917.

The question was, I think, asked some time since in your paper,

whether any means could be adopted to prevent the salting of brick-

work. In a building to which I was architect last year, we tried, by
the advice of a chemist, oiling the facing bricks with linseed oil. The
oil was applied with a brush to one face and one end of each brick

;

and, as no salting has appeared on any part of the brick-work, which

was finished about twelve months ago, the experiment seems to have

been in this case successful.

I have found the same kind of facing-bricks become salted consid-

erably where they have been used without oiling ; and, from the ap-

pearance of the mortar joints in the case in question, think that the

eame would have occurred in the present instance, had the oiling not

been adopted.

The salting of brick-work is so detrimental to its appearance, that

any means of preventing it is of value ; and I therefore send you the

result of my own experience on the subject. The oiling rather im-

proves than otherwise the color of the brick.
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For the Journal of the Franklin Institute.

Decision of the U. S. Patent Office on an Application for the Ex-
tension of the Patent granted to H. A. Wells for Improvements in

Forming and Hardening Hat Bodies. Reported by H. HOWSON,
Esq., Philadelphia.

Ou the application of Eliza Wells, administratrix of the estate of

Henry A. AVells, deceased, for the extension of letters patent granted
to said Wells on the 25th day of April, 1846, re-issued in two patents

dated respectively September 30th and October 7th, 1856, for im-
provements in forming and hardening hat bodies, the hearing was set

for the 16th of April, 1860. In this case, the Examiner to whom the

application and other papers were referred, has reported that the in-

vention was novel and patentable when patented ; and this, as well as

its value and importance to the public, the inadequacy of the remune-
ration received by the inventor for his time, ingenuity, and expense
in originating and perfecting the invention, and his diligence in intro-

ducing it into general use, are not denied or questioned by the party
who objects to the grant of the extension. At all events, the testimony

on these points is full and clear, and establishes to my entire satisfac-

tion that the invention has resulted, thus far, since its introduction

into use, in a saving to the public of not less than six and not far

from twelve millions of dollars, while the entire receipts of the inven-

tor from all sources connected with the patent have been more than

absorbed in the unavoidable expenses of the invention, in the costs of

procuring the patent, in fees paid for necessary litigation, and in the

economical support of his family, leaving him, at the period when he
was compelled to part with all his interest in the patent, not only un-

remunerated, but absolutely and hopelessly insolvent. Such, I am
warranted by the testimony in asserting, was the condition of a man
whose mechanical genius had enabled him, after years of toil and pri-

vation, to perfect an invention for the manufacture of an indispensa-

ble article of consumption which has, within less than fourteen years,

reduced its cost to the community by the sum of twelve millions of

dollars.

That man lived and died a pauper, and but for the bounty of those

who finally became possessed of all his rights under the patent, his

representatives, for whose benefit this extension is sought, would have
found themselves, at his death, homeless and houseless dependents

upon the charity of the world. In the above statement there is no
exaggeration ; it is a plain and truthful narrative of facts supported

by unimpeachable testimony, uncontroverted, indeed admitted, by the

remonstrant himself, for his opposition is made to rest solely upon a

legal proposition, aff'ecting the right of the applicant to receive and of

this office to grant an extension of the patent under the circumstances

of this case. The circumstances referred to may be stated as follows

:

On the 25th day of April, 1846, letters patent of the United States

were granted to Henry A. Wells, now deceased, for improvements in

Vol. XLIV—Thibd Seeiks.—No. 1.—Joly, 1862. 6
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the process and machinery for the manufacture of fur hat bodies. At
several periods of time and in different proportions, the entire interest

of the inventor in this patent passed by assignments to Charles St.

John, Henry A. Burr, Albert H. Wright, and James M. Riblet, by
whom it was subsequently surrendered for re-issue. In the re-issue,

tinder the 6th section of the Patent Act of the 3d of March, 1837, the

patent was divided, and two patents were issued—one, dated on the

30th day of September, 1856, for the machine for forming the bats

;

the other, dated on the 7th day of October, 1856, for the process of

hardening and removing the bats from the cone. Each of these pa-

tents was issued in the names of Charles St. John, Henry A. Burr,

Albert H. Wright, and James M. Riblet, as assignees, and both were

granted for the unexpired term of fourteen years from the 25th day of

April, 1846, the date of the original patent. Henry A. Wells, the in-

ventor and original patentee, has departed this life, and Eliza Wells,

the administratrix of his estate, has accepted the re-issued patents

granted to the assignees as a proper amendment of the original patent,

and now makes application for an extension. In this state of the case

it is contended that the original letters patent granted to Wells hav-

ing been surrendered and cancelled, no extension thereof can be allow-

ed to his administratrix for the benefit of his representatives ; nor can
an extension of the re-issued patents be granted either to the adminis-

tratrix of Wells, or to the patentees therein named ; not to the former,

because Wells is not the patentee of those patents, nor to the latter,

because they are assignees, and are so named and described in the

patents themselves. In short, the proposition submitted by the re-

monstrant, and sought to be established in his argument, is, that an
extension of a patent can only be granted to the party named and
described therein as patentee. It can scarcely be considered neces-

sary, at this day, to enter upon a line of argument for the purpose of

demonstrating that the true intent of the 18th section of the Act ap-
proved July 4, 1836, entitled "An Act to promote the progress of
useful arts, and to repeal all acts and parts of acts heretofore made
for that purpose," was to secure the inventor an adequate reward for

the time, ingenuity, and expense bestowed upon his invention, and
upon its introduction into use ; and that, in authorizing upon certain

conditions, the extension of his patent for an additional period of

seven years, it was clearly intended to afibrd to the inventor, and to

him alone, an opportunity to obtain an amount of reasonable remune-
ration, which, without fault on his part, he had failed to receive during
the term for which the original patent was granted. That the term
" patentee," as used in the 18th section of the Act of 1836, is syno-
nymous with and equivalent to the term "inventor," and that the
right to an extension of a patent was and is vested by that section,

solely and alone in the author of the invention, and not in the as-

signees in whose names the patent may have issued, is now too well
settled, both in the practice of this oflBce and by decisions of the high-

est judicial tribunals of the country, to admit of question or doubt.
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That the Act of 1836 authorizes the grant of an extended term of a
patent to the executor or administrator of the inventor in trust for the

heirs at law, or devisees, as well as to the patentee himself, is equally

well settled, and had the application in this case rested upon an origi-

nal outstanding patent in the name of the inventor or of the assignee

of his interest therein, no difficulty whatever would have been expe-
rienced in granting the extension. (See Woodworth vs. Sherman, 3
Story, 171; Willson vs. Rousseau, 4 Howard, 674-5.)

The case of John Thomas, cited by the remonstrant, cannot be ac-

cepted as authority against this position, for although, from the very
meagre report of that decision, it appears that the Board of Exten-
sion rejected his application for the reason that " the applicant having
assigned all right, title, and interest in the invention before the letters

patent Issued, was not the patentee, and consequently was not entitled

to the benefit of the Act;" the facts likewise show that he had not
only assigned his right under the patent before it issued, but had also

disposed, absolutely, of all contingent interest in its future extension

;

and it is by no means improbable that this latter circumstance, cou-

pled with a palpable attempt, on his part, to perpetrate a fraud upoa
the assignees, influenced, materially, the decision of the Board. Be
that as it may, the doctrine of that case as well as the case of the

Hansons, also cited by the remonstrant, was subsequently, and I think

properly, overruled by Commissioner Hodges in the case of Goodyear
and Hayward, and has not since been regarded as the law of this of-

fice. The only question remaining to be considered is, whether or not

the surrender of the original patent by the assignees, and the subse-

quent re-issues in their names, operate to divest the representatives

of Wells of the right to obtain an extension which, otherwise, they
would clearly have possessed. It is not pretended that the assignments

in this case transferred, either expressly or by implication, any inte-

rest whatever beyond the life of the existing patent. Hence it would
seem to follow that the rights acquired by the assignees were neces-

sarily limited to the term of fourteen years from the date of the grant

and terminated at the expiration of that period, leaving any remain-

ing interest of a contingent character to be rendered certain and to

become reinvested in the original patentee by operation of law and by
the action of the Patent Office in the extension of the patent. This

view is fully sustained by the Supreme Court in the case of Willson

vs. Rousseau, where it is said that " all the rights of assignees or

grantees, whether in a share of the patent or to a specified portion of

the territory held under it, terminate at the end of fourteen years,

and become reinvested in the patentee under the new grant," Can
the assignee, by a surrender of the patent for the purpose of re-Issue,

or by any other act of his, without the consent of the inventor, divest

him of rights thus secured by law? Justice Story, in Woodworth et

alias vs. Stone (3 Story, 749) says: "It is not in the power of the

patentee by a surrender of his patent, to affect the rights of third per-

sons to whom he had previously passed his interest in the whole or a
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part of the patent, without their consent." If this be sound law, as it

undoubtedly is, then the converse of the proposition must hold good,

and equal protection be aflforded to the patentee against injurious acts

of his assignees ; for that might well be considered an arbitrary and
unjust rule of law which, while it furnishes the most ample protection

to the assignee against the effects of acts done by his assignor in pre-

judice of his rights, at the same time leaves it in the power of the

former to dispose absolutely of the interests of the latter, over which

he possessed no legal control by assignment or otherwise, and that too

without his acquiescence or consent. The objection on this point, how-

ever, appears to me to proceed upon an entire misconception as to the

object and effect of a surrender and re-issue of a patent. It assumes
that the surrender of the original patent and the re-issue of one or

more patents in its stead operate to divest all parties, whether pa-

tentees or assignees, of a right to claim protection under it. This

view is, certainly, erroneous. The 13th section of the Patent Act of

1836 was intended to secure to patentees, and to their representatives

and. assignees, protection against the invalidity of original patents

arising from defective or insufficient descriptions or specifications, and
for other causes specified in the section, the result of inadvertence,

accident, or mistake ; and it makes it lawful for the Commissioner,

upon the surrender of any such patent, and a compliance with other

conditions, to cause a new patent to be issued, for the same invention,

for the residue of the unexpired period for which the original patent

was granted, in accordance with the corrected descriptions and speci-

fications. As the re-issued patent can only be for precisely the same
invention as that originally patented, the single alteration being in

the descriptions and specifications, it follows that no change whatever
is operated upon the rights of the inventor under the original patent

so far as the question of extension is concerned. The exclusive right

to the use and enjoyment of the invention is the thing extended, and
that is wholly unaffected by a previous surrender of the patent by an
assignee of the entire interest under it, and a re-issue in his name.
Under the 7th section of the Patent Act of 1837, where the specifica-

tion is too broad, the patentee or his assignee has a right to disclaim.

In such case the disclaimer is " taken and considered as a part of the

original specification, to the extetit of the interest which shall be pos-

sessed in the patent, or right secured thereby, by the disclaimant and
by those claiming by or under him." Thus, where there are several

fractional interests held under a patent, and one party disclaims, the

interests of the other parties are in no way affected thereby; the for-

mer holds under the amended, the latter under the original specifica-

tions, but both under the same patent. The effect, however, is the same
as if two patents had issued, securing one claim to one person and a

different claim to another person in the same invention. Now, inas-

much as the object of the re-issue, when the specification is too broad,

is precisely the same as that of the disclaimer, namely, to narrow, and
thereby to validate the claim, and the inventor or his assignees may
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elect between the two remedies, it is difiScult to discover a sufficient

reason why, in the one case, the rights of third persons may be divest-

ed without their consent, while, in the other, such rights are effectually

protected by express provisions of law. Such a construction of the

13th section of the Act of 1836 and the 7th section of the Act of 1837
would impute to Congress a design to place a snare at the feet of me-
ritorious inventors, instead of affording to them the protection and
encouragement enjoined by the Constitution. If the doctrine contend-

ed for in this case by the remonstrant is well founded, then there is

no end to the fraud and circumvention which might be practised upon
inventors, or upon innocent parties who have acquired rights under

patents for full and valuable considerations paid by them. If the sur-

render and re-issue operated an entire extinction of all rights under

the patent, then it would be in the power of a dishonest inventor to

assign to a third party an interest in the invention for a full and valu-

able consideration, and, immediately thereafter, to surrender the pa-

tent, obtain a re-issue in his own name or in that of some other as-

signee, and thus deprive him of all the rights to which he became
entitled by a valid and lawful assignment. The same consequences by
a like process might be entailed upon the inventor by his assignee,

while all other parties having rights would become the helpless vic-

tims of the same fraud. This is not the law, and as it is not in the

power of an inventor who has assigned an interest in his patent, by
any act of his to prejudice the rights of his assignee without his con-

sent, so neither can an assignee of a fractional interest do any act

without the consent of the inventor which will interfere with or in any
manner impair the vested rights of such inventor. As, under the 7th

section of the Act of 1837, a disclaimer made by one party in interest

affects only the rights of the party disclaiming, leaving all others to

hold under the original specification, so, also, under the 13th section

of the Act of 1836, upon the surrender of a patent for re-issue by the

inventor and patentee, or by an assignee, either or both being pos-

sessed of fractional interests onl}^ all other parties not consenting

thereto are unaffected thereby, and are entitled to claim under the

original patent as if the same had never been surrendered. On the

other hand, upon the surrender of the old, and a re-issue of the new
patent, by one party in interest without the knowledge or consent of

the others, the latter have the right to elect between the two patents,

and if they choose to claim and hold under the re-issued patent, and
of this right they cannot be deprived by the party who makes the sur-

render, even although the re-issued patent is in his name as patentee.

This is no new doctrine. In the case of Potter and Wheeler vs. Hol-
land, decided by Judge Ingersoll at the September term, 1858, of the

Circuit Court of the United States for the District of Connecticut,

(Justice Nelson concurring in the opinion,) this whole subject of the

effect of a surrender and re-issue of a patent upon the rights of third

parties in interest, was considered and discussed with great learning

and ability, the Court deciding that the rights of a third person to

Yrhom a patentee had previously passed his interest in a part of a pa-
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tent, would not be affected, without his consent, by the surrender of

the old patent by the patentee alone, and the taking of a re-issued

patent, and that after such surrender and re-issue (both the surrender

and re-issue being valid) such third person has the same rights under

the old patent, if he chooses not to take advantage of the surrender

and the re-issue, that he had to that patent before such surrender and

re-issue. And, referring to the rule laid down by Judge Story in

Woodworth et alias vs. Stone, to the effect that it is not in the power

of the patentee by a surrender of his patent, to affect the rights of

third persons, to whom he had previously passed his interest in the

whole or a part of the patent, without their consent. Judge IngersoU

remarked that Judge Story "must have been of the opinion that not-

withstanding such surrender and re-issue, such third persons could

hold under the old patent, if they should so choose, for otherwise their

rights might be injuriously affected without their consent." In the

course of the same opinion it was ruled, that " This consent may be

manifested either by joining in the surrender with the patentee, or by
previously authorizing it, or by subsequently ratifying or approving it.

And taking advantage and benefit of it would be a ratification." And
it is further said, that " it may be considered as a sound and settled

principle, that a person to whom the patentee has passed his interest

in a part of the old patent, upon the surrender of the same by the pa-

tentee, and obtaining a re-issued patent, is entitled to the same rights

under the re-issued patent that he had to the old one. The patentee

by taking a re-issue cannot deprive him of the same right to it that he

had to the old one, if he wishes to take benefit of such right. And
when he does take advantage and benefit of the re-issued patent, he

consents to give up, and does give up, the right which he had under

the old one." I entirely concur in the reasoning and conclusions of

the Court in the case last above quoted, and they seem to me to settle,

definitely, the main question now under discussion.

From the views which I have thus endeavored to enforce, the fol-

lowing propositions appear legitimately to follow :

1st. That the inventor and, in the event of his death, his legal re-

presentatives are the only persons contemplated by the 18th section of

the Patent Act of 1836 and the 10th section of the same act : that

they are the sole objects of the bounty of Congress, and that whether

the patent is issued in the name of such inventor or in that of another

person, he or his representatives alone are entitled, upon a compliance

with the requirements of that section, to an extension of the term for

which the original patent was granted.

2d. That an assignment of the entire interest in his invention vests

in the assignee no rights beyond the life of the patent, and that upon
the expiration of the term for which the patent is granted all the

rights of assignees or grantees, whether in a share of the patent or to

a specified portion of the territory held under it, terminate, and by
the act of extension are reinvested in the inventor or his legal repre-

sentatives.

3d. That the exclusive right to the use and enjoyment of the inven-
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tion for an additional term of seven years from the termination of the

original grant is the thing extended, and that the right of the inventor

to such extension is wholly unaffected by a surrender of the patent

and a re-issue of a new patent in the name of an assignee.

4th. That a surrender of a patent and a re-issue of a new patent do
not operate to extinguish the rights acquired by third persons under
the surrendered patent without their consent : but that such parties as

consent to the surrender may claim under the re-issued patent, and all

others not consenting thereto may, at the same time, claim and hold

under the surrendered patent.

I am, therefore, of opinion that the surrender by the assignees of

the original patent granted to Henry A. Wells, and the re-issue of the

two patents in its stead in their names, worked no change whatever in

the rights of the inventor or his representatives ; and inasmuch as his

administratrix has assented to the re-issues and accepted the same,
and has established by competent evidence that the invention is of

public utility and importance, that due diligence has been employed
to introduce it into use, and that adequate remuneration has not been
received, I am further of opinion that the extension, as prayed for,

should be granted. Philip F. Thomas, Commissioner.

FRANKLIN INSTITUTE.

Proceedings of the Stated Monthly Electing, June 19, 1862.

John Agnew, A^ice President, in the chair.

Isaac B. Garrigues, Recording Secretary.

The minutes of the last meeting were read and approved.
Letters were read from Hon. James E. Harvey, U. S. Minister at

Lisbon, Portugal ; and from the Smithsonian Institution, Washington,
D. C.

Donations to the Library were received from the Royal Society,

and the Chemical Society, London ; Prof. A. D, Bache, U. S. Coast
Survey, Hon. A. A. Sargent, U. S. Congress, and Hon. Wm. D. Kel-
ley, U. S. Congress, Washington, D. C. ; the Mercantile Library As-
sociation, Brooklyn, N. Y. ; Dr. Chas. M. Wetherill, Lafayette, Ind.;

Thos. C. Clark, Esq., Camden, N. J.; G. R. Smith, Esq., Penna. Senate,
Harrisburg, Penna.; and Messrs. George M. Conarroe, Isaac B. Gar-
rigues, John Warner, Henry Howson, Wm. B. Perkins, and Wm. J.

Mullen, Philadelphia.

The Periodicals received in exchange for the Journal of the Insti-

tute, were laid on the table.

The Treasurer's statement of the receipts and payments for the
month of May was read.

The Board of Managers and Standing Committees reported their
minutes.

Candidates for membership in the Institute (2) were proposed, and
the candidate (1) proposed at the last meeting was duly elected.
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Mr. Howson exhibited a patent Naphthometer, or benzine detector.

This is the invention of Messrs. H. J. Smith and Woodruff Jones of

this city. The instrument consists of a reservoir with a tightly fitting

cover, from the top of which projects a tube, surrounding a wick tube.

A thermometer also passes through the cover, and occupies such a

position that its bulb comes within a short distance from the bottom

of the reservoir. In order to determine the temperature at which the

oil gives off sufficient vapor to cause an explosion, the oil to be tested

is poured into the reservoir, the wick is lighted, and the instrument

placed on a stove or over the flame of a lamp. At a temperature which

varies in proportion to the quantity of explosive ingredients contained

in the oil, the vapor is given off, and mixing with the air in the reser-

voir, passes up through the space between the wick tube and the larger

tube, and explodes when ignited by the flame, thereby extinguishing

the light. The height of the mercury in the thermometer will deter-

mine the quality of the oil.

The contrivance is very simple and cheap, and enables any one to

ascertain in a few minutes whether an oil is of a quality to be burned

with safety.

A Heater to be applied to Coal Oil Lamps was also exhibited by

Mr. Howson. This instrument, the invention of Mr. Woodruff Jones,

is intended to be used in sick chambers for heating articles of diet, &c.

It consists of a metal cylinder or casing, the upper edge of which is

provided with a ring, and the lower with a flanch adapted to the

burner of a coal oil lamp, so that the heat of the flame rnay be commu-
nicated to articles of food, &c., contained in a vessel resting on the

ring.

Mr. H. then explained Mr. Cooley's patent mode of Discharging

Projectiles. The shot or shell has an orifice into which fits a solid

cylinder, and between the end of the latter and the end of the recess

intervenes the charge of powder. The cylinder is surrounded with a

shield which prevents the products of the ignition from injuring the

gunners.

Mr. Howson also exhibited a cavalry sword and several varieties

of tools with the Gum Elastic Handles, patented by M. C. Bogia, Esq.

These handles have been highly approved of as presenting a slightly

yielding surface, and one which aftbrds the means of maintaining a

firm grip in the hand. It is appliable to all descriptions of tools.

A. F. Ward exhibited charts, and explained his system of Sema-
phoric Color Signals. This system has been brought to a high state

of perfection by Mr. W., and has been recommended to Congress by
the Board of Trade of this city.

Mr. John W. Nystrom exhibited some specimens of angle-iron and
keel-gutter, made by him at General Maltsoff's establishment in Rus-

sia, and made the following remarks :
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This form of angle-iron is best adapted for frames and beams in

river steamers of light draft. The dimensions of one of the speci-

mens shown is l|-x /g + 2| X /g inches, weighing 4-125 ibs. per foot;

and of the other, 2^x||-f4x^ inches, weighing 5-47 lbs. per foot.

The improvements in tliis angle-iron consists.

First, in a bead on the one edge, which makes it stronger and about

20 per cent, lighter than ordinary angle-iron. Experiments on its

strength were made in Russia, but the results have been

lost. The bead is placed on the inside of the angle-iron,

so as to make the frame lie flat on the cast iron form when
bending it.

Secondly, the countersunk holes rolled in the angle-iron,

as shown in the sample. In the ordinary iron ship-building

practice, the angle-iron is generally bent into the shape of the frames,

after which the holes are drilled in. If the holes are punched first,

the angle-iron does not bend so well, and the holes will get out of

shape in sharp curves. When the angle-iron is bent, the holes can-

not be punched, because the punching would throw it out of shape.

Now, rolling the countersink, leaving a thickness of about |th of an
inch, allows the angle-iron to be bent into shape, after which, the

balance of the holes are punched out by a hand-press without altering

the shape of the frame.

In Russia, I had it so arranged that the angle-iron was taken direct

from the rolling-mill, bent and beveled to the true shape of the frame

in the one original heat, as fast as the angle-iron could be rolled. The
deck-beams were made of similar sections to the frames, but of larger

size, and bent into shape in the original rolling heat.

The third sample here exhibited is the form of the

keel of the steamers which I built in Russia. It is in

the form of a U, with rolled countersinks. We called

it the keel-gutter, because it is used for that purpose in conveying the

bilge-water to the pumps.
Except for balloon navigation, there is no case where combined

strength and lightness require such careful consideration as in light

draft river steamers, where an inch or two more draft of water may
render navigation impossible.

One river steamer, the Astracan, which I built for the river Volga,

was of the following dimensions :

—

Length in water-line, . . • 234 feet.

Breadth of beam, . . 22 "

Engines, oscillating. Two cylinders, 54 by 54 inches.

To carry 400 passengers and 32 tons freight, including 8 tons for

passengers' baggage ; with fuel on board for six hours at a speed of

20 to 25 versts per hour, the steamer drew only 3 feet 4 inches of

water.

The angle-iron in that steamer amounted to 9000 feet, which, with

20 per cent, difference in weight, will be about 8000 ibs., or about 50
passengers, or about 2 inches in draft of water.
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I have liere a drawing of the steamer Astraean, which I believe

contains many improvements in strength and lightness. Should the

members wish to examine it at the conclusion of the meeting, I shall

be glad to give any explanation requested.

METEOKOLOGY.

For the Journal of the Franklin Institute.

The 3Ieteorology of Philadelplda. By JaxMES A. Kirkpatrick, A.M.

May.—The month of May, 18G2, was warmer than usual. The
mean temperature was nearly 4° higher than that of May, 1861.

The warmest day of the month was the 23d, of which the mean tem-

perature was 75-8°. The maximum temperature for the month (85°)

occurred on the same day.

The 1st w\as the coldest day of the month, having a mean tempera-

ture of 50-5°. The minimum (40°) was reached on the 8th.

The range of the thermometer for the month was 45°.

The greatest change of temperature in the course of a day was 82°,

on the 9th of the month ; the least was 10°, on the 27th. The average

daily oscillation of temperature (19-81°) was a little greater than that

for May, 18G1, and about 1^-° greater than the average for the month
for eleven years.

The greatest mean daily range of temperature was 17*2°, between
the 23d and 24th days of the month ; the least was 1°, between the

4th and 5th. The average daily range for the month (5*77°) was
about a quarter of a degree greater than usual.

The greatest pressure of the atmosphere (30-058 inches) occurred

on the morning of the 12th of the month; the least (29-518 inches) on
the 19th. The mean pressure for a day was greatest (30-007 inches)

on the 12th, and least (29-553 inches) on the 19th. The average pres-

sure for the month (29-762 inches) was about four-hundredths of an
inch greater than in May, 1861, and about the same amount less than

the average pressure for the month for eleven years.

The greatest mean daily range of atmospheric pressure was 0-324 of

an inch, and occurred between the 12th and 13th days of the month;
the least was 0-035 of an inch, between the 24th and 25th. The ave-

rage mean daily range for the month (0-124 inch) was identical with

that for eleven years, but was three-hundredths of an inch less than

that for May, 1861.

The force of vapor was greater than for May of last year, but was
still less than the average for the month. It was greatest (0-594 in.)

on the afternoon of the 21st, and least (0-105 in.) on the afternoon

of the 8th of the month. The average for the month (0*326 in.) was
about four-hundredths of an inch less than the average for May for

eleven years.

The relative humidity was greater in the morning and less in the
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evening than for May, 1861, but the general average for the month
as well as for 2 P. M. was almost identical with that for last year. It

was, however, about seven per cent, below the general average for

eleven years. It was greatest (93 per cent.) during a rain storm on
the morning of the 27th of the month, and least (18 per cent.) on the
afternoon of the 8th.

Rain fell on nine days, to the aggregate depth of 2-083 inches,

which is more than four inches less than fell in May, 1861, and over
two inches less than the average for the month for eleven years. The
number of rainy days was less than for any May during the last eleven
years, except in the year 1855, when rain fell on but eight days. The
quantity of rain was also less than for May during the same period,

except in 1859, when but 1-946 inches fell.

There was not one day of the month entirely free from clouds at

the hours of observation, and there were but three days, the 1st, 27th,
and 30th, on which the sky was completely covered with clouds at

those hours. The average amount of the sky covered with clouds dur-
ing the month is given in the following table of comparisons

:

A Comparison of some of the Meteorological Phenomena of Mat, 1862, with those

of May, 1861, and of the same month for eleven years, at Philadelphia, Pa.

Latitude 39° 57^' N.; Longitude 75° lOi' W. from Greenwich.

May, May, May,
1862. 1861. 11 Years.

Thermometer.—Highest, 85° 83° 90°
*' Lowest, . 40 36 35
" Mean daily oscillation. 19-81 19-55 17-12
" " daily range, 5-77 5-06 5-55
" Means at 7 A. M., 57-85 55-40 58-14
» " 2 P. M., . 70-08 65-74 69-45

9 P. M., 61-32 6700 61-16
" for the Month, 63-08 59-38 62-92

Barometer.—Highest, 30-058 in. 30-338 in. 30 338 in.
" Lowest, 29-518 29-096 29-096
" Mean daily range. •124 -156 -124
" Means at 7 A. M., 29-785 29-744 29-828

2 P. M., 29-740 29-691 29-792
" " 9 P. M., . 29 760 29-726 29-814
" " for the Month, 29-762 29-720 29-811

Force of Vapor.—Means at 7 A. M., •320 in •282 in. •350 in.

2 P. M., •324 •284 •368
9 P. M., -335 •297 •371

" " " for the Month, •326 •288 •363

Relative Humidity.—Means at 7 A. M., 64 2 per ct. 62-7 per ct. 71'2 per ct.

2 P. M., 44-9 44-5 51-2

9 P. M., 60-3 62-6 67-9
" " " for the Month, 56-5 56-6 63-4

Rain, amount, . • . . . 2-0S3 in. 6-240 in. 4-226 in.

No. of days on which rain fell. 9 13 12-9

Per centum of sky covered with clouds. 54 45 55

Prevailing winds—Times in 1000-lhs, n53°37'w136 N.72°48'w257 n69°36'w117
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Spring.—The spring of 1862 was about one degree colder than the

average Spring temperature for the last eleven years.

The warmest day was the 23d of May, of which the mean tempera-

ture was 75-8° The coldest day was the 1st of March ;
mean tempe-

rature 32-3°. The maximum (85°) was reached on the 23d of May,

and the minimum (22) on the 1st of March.

The pressure of the atmosphere was 0-035 of an inch greater than

the average Spring pressure for the last eleven years.

The force of vapor was very nearly identical with that of the Spring

of 1861, but was nearly three-hundredths of an inch less than the

average.

The relative humidity was three per cent, greater than that of the

preceding Spring, and about the same quantity less than the general

average for eleven years.

Rain or snow fell on 31 days to the aggregate depth of 9-539 ins.,

which was five days and 2| inches less than usual.

The prevailing winds during the Spring came from a point more
than 20° north of their average direction during the whole period of

observation.

A Comparison of some of the Meteorological Phenomena of the Spring of 1862, with

that 0/1861, and of the same season for eleven years, at Philadelphia, Pa. Lati-

tude 39° 57^' N.; longitude 75° 10^' W. from Greenwich.

!
Spring, 1862. Spring, 1861. Spring 11 y'rs.

Thermometer.—Highest, 85° 88° 90°
" Lowest, 22 16 4
" Mean daily oscillation, 17-37 18-93 16-32

" Mean daily range, 5-20 6-52 6-03

" Means at 7 A. M., 45-55 46-77 4651
" " 2 P. M., 56-51 58-33 58-05
" " 9 P. M., 49-59 49-89 .')0-40

" ' for the quarter, 5055 51-66 51-65

Barometer.—Highest, 30-321 in. 30-386 in 30-522 in.

" Lowest, 29-276 29096 28-884
*' Mean daily range, . •148 •177 •164

" Means at 7 A. M., 29-871 29-835 2fl-833

2 P. M., . 29-822 29-780 29 788
9 P. M., 29-8.50 29-816 29 817

" " for the quarter, 29-848 29-810 29-813

Force of Vapor.—Means at 7 A. M., •227 in. •229 in. •249 in.

2 P. M., •234 •231 •2651

" " " 9 P.M., •245 •247 •268

" " " for the quarter, •235 •236 •261

Relative Humidity.—Means at 7 A.M., 68-8 per ct. 66'3 per ct. 72-2 per ct.

2 P.M., 49-9 44-9 51-8
" " " 9 P.M., 65-1 64-5 67-7
" " "for the quarter 61-3 58-6 639

Rain or melted snow, amount. 9-539 in. 14^293 in. 1 1-762 iu.

No. of days on which rain or snow fell. 31- 3b 36.

Per centum of sky covered with clouds. 60^ 52^ 56.

Prevailing winds—Times in 1000-ths, n48°J8'w-143 n73°I8'w-254 n70°47'w199

I
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CIVIL ENGINEERING.

Description of the Centre Pier of the Bridge across the River Tamar
at iSaltash, on the Cornwall Railway, and of the means employed

for its construction. By R. P. Breretox, M. Inst. C. E.
From the Lond. Civ. Eng. and Arch. Journal, April, 1862.

This communication embraced, in a narrative form, a detailed ac-

count of the preliminaries connected with the Albert Bridge, which

crossed the river Tamar where it was onlj 1100 feet wide, with pre-

cipitous banks and a depth of water to the surface of the mud of 70

feet. A dyke of greenstone trap intersected the clay slate formation

at this point, and cropped out to the surface above the water on the

western bank of the river. It was ascertained by borings made in the

bed of the river that rock extended from the eastern side to beyond
the middle of the stream, covered with mud or silt to a depth of from
3 feet to 16 feet. Subsequently, a thorough examination of the bed

.of the river where a centre pier would probably be built, by means of

175 borings made within a cylinder at thirty-five different places, over

an area of 50 feet square, enabled an exact model of the surface of

the rock to be prepared, showing the irregularities and fissures that

might be expected. Eventually it was decided, from the information

thus obtained, to erect one pier only in the deep water, instead of

three, as would have been necessary for the spans required by the

Admiralty ; and when it was determined to proceed with the construc-

tion of the bridge, in 1852, it was decided that there should be two
spans of 455 feet, two of 93 feet, two of 83 feet 6 inches, two of 78
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feet, two of 72 feet 6 Inches, and nine of 69 feet 6 inches ; the total

length, including the adjoining land openings, being 2200 feet.

The centre, or deep water pier, intended to carry the weight of one-

half of each of the two main spans, consisted of a column, or circular

pillar, of solid masonry, 35 feet diameter and 96 feet high, carried up

from the rock foundation to above high-water mark. Upon this were

placed four octagonal columns of cast iron, 10 feet diameter, carried

up to the level of the roadway, which was 100 feet above high water

mark. Upon the tops of the columns, cast iron standards were fixed

to receive the ends of the tubes and chains which constituted the

trusses of the bridge. The weight at the bottom of the masonry foun-

dations was about 9^- tons per square foot, increased, when the bridge

was loaded by passing trains, to about 10 tons per square foot.

In the construction of the masonry pier, a wrought iron cylinder,

of boiler plates, 37 feet in diameter and 90 feet in length, and open at

the top and the bottom, was sunk through the mud of the bed of the

river to the rock. The water was then pumped out, and the mud ex-

cavated, the masonry being built up inside, and the cylinder above

the ground afterwards removed. It was expected that, by forming a

bank round the cylinder after being sunk to the rock, sufficient water-

tightness would be ensured for getting in the masonry. To provide,

however, for the contingency of excessive leakage, the cylinder was
so constructed as to admit of the application of air pressure. As the

surface of the rock, although very irregular and ragged, had a general

dip to the south-west, the bottom of the cylinder was formed with a

corresponding bevel, one side being 6 feet longer than the other. A
dome, or lower deck, was constructed inside, at the level of the mud,
and an internal cylinder, 10 feet in diameter, open at the top and the

bottom, connected the lower with the upper deck of the cylinder. The
6 feet cylinder, previously used for the borings, was fixed eccentrically

inside the other, and an air-jacket or gallery, making an inner skin

round the bottom edge below the dome, was formed, about 4 feet in

width, divided into eleven compartments, and connected with the bot-

tom of the 6 feet cylinder by an air passage below the dome.
Details were then given of the construction of the larger cylinder,

and of the mode of launching and floating it to its position. When ac-

curately adjusted over the intended site, water was gradually let in

until the cylinder penetrated through the mud about 13 feet and rest-

ed on some irregularities upon the rock, which caused it to heel over

towards the east about 7 feet 6 inches. By letting water in upon the

dome or lower deck, and loading the higher side with iron ballast, the

cylinder forced its way through the obstructions at the bottom edge,

and took a nearly vertical position. The air and water pumps were
then set to work, and the greater part of the mud and oyster shells,

which filled the compartments of the air-jacket at the bottom, was
cleared out, and the irregular surface of the rock excavated : the bot-

tom of the cylinder being now 82 feet below high-water. Subsequent-

ly, a leak having broken out through a fissure in the rock on the north

east, or higher edge, considerable difficulty was experienced in main-
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taining sufficient pressure Tvith the air-pumps to keep the water down
and the bottom dry. The leak was at length reduced, by driving close

sheet piling into the fissure. When at its full depth, the cylinder was
87 feet G inches below high-water at the lowest place, and then a hemp
gasket was worked under the edge of the cylinder, all round the out-

side, to assist its water-tightness. A ring of granite ashlar, 4 feet in

width and about 7 feet in height, was then built in the air-jacket; and
a bank of clay and sand was deposited round the outside of the cylin-

der to compress the mud. When the water was pumped out of the
cylinder below the dome, and the excavation of the mud was beino"

proceeded with, a leak broke out, and the water overpowered the
pumps. Additional engines and pumps were provided, and efforts

were made to diminish the leakage, with varying success; but as it

required four pumps to keep the water down to 54 feet, recourse to

air pressure in the body of the cylinder below the dome became immi-
nent, and preparations for its application were made. To provide
against the buoyancy, or upward pressure against dome and cover,

the 37 feet cylinder was loaded with 750 tons of ballast, in addition

to its own weight of 290 tons. The pumps were then got in good or-

der, and by continued pumping, succeeded in keeping the water down.
The mud was excavated, the cylinder below the dome securely shored
across, and the rock levelled, when the masonry in thin courses of
granite ashlar in cement, in the body of the cylinder was commenced.
As soon as the masonry reached the level of the air-jacket rino-, it

was thoroughly bonded, the plates of the air-jacket being cut out as
it proceeded. Upon the top of the bonding course, two courses of hard
brick work in cement were laid, making a perfectly water-tight floor

over the whole diameter of the column. Meanwhile, the masonry of
the air-jacket, where the leak occurred, was taken down, and the leak
was diminished by additional sheet-piling. The leak was discovered
to have broken out at the same fissure as before, and had torn away
the rock underneath the masonry of the air-jacket and bottom edge of
the cylinder, but the masonry itself was undisturbed.

The next operation was to draw off the water above the dome and
remove the ballast, to allow the masonry to be proceeded with, which
it eventually did at the rate of from 5 to 7 feet in height per week.
When it was 46 feet in height the influx of water was entirely stopped.
After the masonry had been completed to the level of the plinth, the
upper part of the cylinder was unbolted at the separate joints, and
floated to the shore.

Proceedings Insti. Civil Engineers.

New Railroad Sijstem o/M. L. D. GiRk^j).—Sliding Cars.

This new method, which is said to have attracted the attention and
excited the astonishment of the Emperor, so that he condescended to
take a ride on the model road 40 yards long ; and which is of course
occupying the attention of all the journals, appears to consist in this:

The cars are supported upon hollow sleigh-runners, from which water
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is forced under a pressure sufficient to lift the weight almost entirely

off the rails : the escaping water moreover lubricating the rail. A
water-turbine is the mode of propulsion suggested, but it is not pre-

cisely stated that this was the mode used in the immortal experiment.

M. Girard says that his last experiments gave a friction of 4-3 kil.

(9-48 lbs.) per ton (about olg); while, so soon as the water was shut

off the friction rose to 550 kil. (1102-37 lbs.) (about i). Now, accord-

ing to Gen. Morin's experiments, the friction with water as a lubric

is about \. It appears, therefore, that the hydraulic pressure was suf-

ficient to lift |§ths of the weight. Make the calculation for an ordi-

nary railroad train, freight or passengers, and see what is the practi-

cal value of this ^^ most impoi-taiit discoverij."

Description of the Loch Ken Viaduct^ Portpatrick Railway.
By E. L. J. Blyth, M. Inst. C. E.
From tlie Civ. Eug. and Arch. Jour., April, 1862.

This viaduct was situated on a curve of half a mile radius, and car-

ried a single line of railway over the loch at an oblique angle, so that

the width of the water-way was increased from 265 feet to 360 feet,

the depth of the water at the point of crossing being 29 feet in sum-
mer. It consisted of seven openings—three of 130 feet each in the

centre, spanned by wrought iron girders of the bow-and-string form

;

two semicircular arches of masonry, of 20 feet span, in the abutments;

and two openings of 20 feet each at the ends, provided with flat cast

iron girders. Owing to there being scarcely any current, it was not

deemed necessary to set the piers in the line of the loch, but they were
placed at right angles to the viaduct, and each pair of girders was at

a slight angle to the adjacent ones.

The foundations consisted of strong gravel, except in the case of the

east abutment of the main openings, where a running sand was met
with, and in this instance the lower courses of the masonry were laid

on a bed of hydraulic lime concrete 2 feet in thickness. The two deep
water piers were each formed of two towers, 8 feet in diameter, placed

8 feet apart, and connected above the water level by semicircular

arches of masonry. For each tower of the piers a cast iron tube 8

feet in diameter, in six pieces, was sunk, the tubes being 36 feet and
42 feet in length for the east and west piers respectively. When the

masonry was brought up to the surface, the upper castings of the tubes

were removed. Around the piers 4000 cubic yards of loose rubble

stones were deposited, so as to produce an artificially deeper founda-

tion. The tubes when placed in position, sank from 1 foot to 2 feet

by their own weight, until they reached the gravel and sand, where
they remained quite firm. This formed a good test of the sufficiency

of the foundation, as the weight of the tubes on their narrow edges

was equal to from 8 to 9j^- tons per square foot, while the total weight

on the foundations of the finished structure, including the moving load,

was only about 6^ tons per square foot.

The method adopted in sinking the tubes was that of ordinary well-
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sinking. Two plate-iron screw pans, of an inverted cone shape, were

employed ; one 2 feet in diameter at the top and 1 foot deep, and the

other, which was only used for the harder portions of the excavation,

1 foot in diameter at the top and 1 foot deep. There were openings

in the sides, covered with leather flaps, to prevent the material from

escaping when the pans were filled. Three arms of round iron pro-

jected through the sides of the pans, and, being connected to a long

rod with a cross handle at the upper end, the screw pans were worked

by four men, and when full were raised by tackle. The larger pan
raised about 1 cubic foot of material each time, and the smaller one

about one-fourth of that quantity. By these means the tubes were

sunk in some instances as much as 18 inches in one day, the minimum
being 2 inches per day in the case of the north tube of the west pier,

"where large boulder stones were encountered, rendering necessary the

use of a screw pick. When the tubes had been lowered the desired

depth, concrete was deposited within them, varying from 12 feet to IS

feet in depth in each tube. On this concrete, ashlar masonry was laid,

the cordon course being of granite in large blocks, for receiving the

ends of the girders, which rested on wrought iron plates, laid on thick

sheets of vulcanized india-rubber to lessen the effect of vibration.

The bow-and-string girders were each 136 ft. 8 ins. in length, and
were segmental in form, the rise being 17 ft. 6 ins., so that the segment

was almost identical with a catenary curve, or the true curve of equal

pressure. The sections of the upper and the under booms were identi-

cal. They consisted of a main plate, 24 ins. broad and f of an inch

thick, and of two channel irons, each 8 ins. by 4 ins. in section and ^ an
inch thick, placed at a distance of 8 inches apart, between and to

which the struts and ties, of the same section of channel iron, were

riveted. The transverse girders for carrying the roadway were 6 inches

in depth at the ends where they rested on the channel irons of the

under booms, and 15 inches deep in the centre. The middle web of

these girders was \ of an inch in thickness, and there were angle-

irons, 3 inches by 3 inches by J an inch in section, at the top and the

bottom of the web on each side. Every alternate girder projected 2

feet, from which T iron struts were carried up to the crossings of the

diagonal bracing. The weight of the girders and roadway between the

points of support was 88 tons, and of the ballast (2 inches in depth)

14 tons, making a total dead load of 102 tons ; and taking the rolling

load at 1 ton per lineal foot, the total load on one span would be 232
tons. The area of the upper boom was 33 inches, and of the under
boom, exclusive of rivets, 27*04 inches. The distance between the

centres of gravity of the upper and the under booms was 1704 inches.

The tensile strain on the under boom amounted to 4-04 tons per inch,

and the compressive strain on the upper boom to 3*35 tons per inch.

When the whole of the load was upon the girders there was no com-
pressive strain on any of the diagonals, but there were tensile strains

varying from 3-4 tons to 7-5 tons, or equal respectively to 9 cwts. and
1 ton per square inch of section.

The author considered that the bow-and-string girder possessed ad-

7*
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vantages over the Warren or other lattice girders, -with parallel top

and bottom members ; as in the latter class it was not possible to make
the top and bottom members theoreticallj correct, -without great labor

and waste of material, and as owing to the great variation in the

strains on the diagonals, it was necessary that they should be of va-

rying dimensions, involving in some cases even diflFerent sections of

iron.

The girders were built in position on staging, and the greatest

amount of deflection of any one girder from its own weight was fths

of an inch. Subsequently, when a locomotive engine, weighing 3-4

tons, was placed in the centre of each span, and afterwards was run

over, first at 10 miles an hour, and then at 25 miles, the deflection

amounted to from -^^ to \ of an inch in each girder, there being no

perceptible diff'erence in either case. Finally when four engines were

coupled together, so as to give a load equal to 1 ton per lineal foot,

the deflection only amounted to from J to fths of an inch.

It was stated, that the total cost of this viaduct had amounted to

about £13,000.
Proc. Civ. Eng. Soc.

On Railway Accidents. By Capt. Douglas Galton, R. E., F. R. S.,

Assoc. Inst. C. E.
From Newton's London Journal, May, 1862.

(Continued from p. 21.)

It was stated that the length of railway communication open in

the British Isles at the end of 1860, was 10,433 miles, upon which

163,435,678 passengers were conveyed in that year. From official

returns it appeared that, during the seven years ending the 31st of

December, 1860, there were 116 passengers killed, and 2832 injured,

from causes beyond their own control. From the sums paid by rail-

way companies for compensation, it was calculated that an insurance

of one twenty-fourth part of a farthing per passenger per mile would,

on the average of all lines, cover the cost of railway accidents. It had
been found impossible to obtain reliable information as to the number
of coach accidents in this country; but the returns of the Messageries
Imperiales showed that, in a series of years, the number of passengers

killed and injured, from causes beyond their own control, was 1 in

28,000. From the latest comparative returns, the number of passengers

killed and injured was, on British railways, 1 in 334,000; on Belgian

railways, 1 in 1,600,000; on Prussian railways, 1 in 3,000,000; and
on French railways, 1 in 4,000,000. The greater comparative safety

of foreign railways was traced to diiferences in the conditions of the

traffic and of the management, as Avell as in the habits of the people.

In endeavoring to elucidate the question, whether any of the acci-

dents which had occurred could have been prevented by reasonable

precautions, the first point which arose was, the extent to which the

amount of traffic on the several lines influenced the number of acci-

dents. The general averages thus obtained showed that lines of small

traffic were comparatively safe ; but as traffic alone did not determine
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the number of accidents, it was necessary to analyze the causes in

detail—taking, first, those which could not be guarded against ; and,

secondly, those which were within the control of the managing or

working staflF, During the seven years before referred to, 534 acci-

dents to trains had been reported upon by the inspecting officers of

the Board of Trade, in which 2912 passengers were killed or injured.

In many of these cases there had been more than one contributing

cause, but the majority might be thus tabulated :

—

J> .^ -3 Cases in which the Accidents

i.

<l
were due to Causes within

the Contn)l of the

jj
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Accidents from Engines and
^

Carriages leaving the Rails, > 135 313 59 98 15 17

or Fractures of Macbinery, )

Collisions of every description. 319 2532 16 222 219 J 83

These figures showed that a large proportion of the so-called acci-

dents were due to preventible causes. Those arising from the fracture

of axles and tyres, and from engines and carriages leaving the rails,

were less than one-half of the number which could not have been
guarded against. But out of the 319 collisions, only 16 were attri-

butable to purely accidental causes, whilst 183 were assigned to the

negligence of inferior servants, and 120 to the manner in which the

traffic was conducted, and which ought not, therefore, to have occurred.

With regard to the first class of cases—accidents which could not

have been guarded against—the author remarked, that the best form
of tyre for a railway wheel had not yet been definitely settled. The
wheels and axles could scarcely be said to be mechanically satisfac-

tory; the form of brake in use was also imperfect. Although simple

negligence could not be entirely prevented, yet in several cases the

negligence had been attributable to the defective arrangement of the

company, in permitting pointsmen and engine-drivers to be habitually

over-worked. Those accidents which arose from trains passing on to a

wrong line through facing points might not have occurred, if an indi-

cator had been attached to the points, to show in which direction they

were set. The comparatively small number of accidents from negli-

gence alone, afforded strong evidence of the efficacy of the direct re-

sponsibility of the inferior servants. A few instances were then curso-

rily alluded to, in illustration of those accidents wliich were wholly or

partially attributed to defects in the condition of the railway or the

vehicles, or to the absence of the requisite auxiliaries to safety, such
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as signals, brakes, &c. It was observed, that it was not for want of

good rules that accidents occurred, but for want of a continued en-

forcement of those rules, and a close examination into the details of

the manner in which the traflSc was worked.

The discussions which had taken place on this subject in Parliament,

both in 1853, and again in 1857, Avere then considered, and the con-

clusion was arrived at, that freedom from railway accidents was not

to be obtained by Government interference, but by an effective and

responsible internal management, which would enforce the greatest

punctuality and care in working the traffic, and maintain the strictest

discipline amongst the servants employed.

The existing law affecting railway companies as carriers was then

alluded to ; and attention was next called to the principle of compen-

sation for injuries sustained,—Lord Carapbcll's Act being specially

cited as the Parliamentary recognition of that principle. It was said

that this Act removed a technical difficulty in the way of recovering

compensation, rather than gave a new right to compensation. The

money payment thus provided operated as a punishment, and tended

to prevent the commission of careless acts. Compensation might,

therefore, be looked upon partly as a penalty upon the company for

its corporate carelessness, and partly as a remedy to the sufferer for

the injury received. If viewed as a remedy, it should be such as to

tend to prevent a recurrence of the act for which punishment was

awarded. It should, therefore, depend on the degree of blame which

attached to the management for the accident, and it should be equally

certain and just in its operation. In its aspect as a remedy, it should

be easily recoverable by the sufferer. As at present levied, it did not

properly fulfil either of these conditions, for reasons which were

stated. Assuming that such a maximum amount was fixed upon as

would fairly compensate the generality of passengers, according to the

class in Avhich they were traveling, and assuming that it were made
payable in the case of every accident which occurred, beyond the

control of the passengers, without there being any obligation to prove

neo-lio-ence, the author was inclined to think that the fine would be

rendered more certain in its operation, but that as a preventive, the

effect of the alteration would not be appreciable. The true remedy
a""ainst railway accidents lay, in the author's opinion, with the rail-

way companies themselves. Improved management would be greatly

assisted by placing at the head of each railway a director of adequate

capacity, responsible to the board for the management of the concern,

who should be required to devote the whole of his time to its interests,

and be paid in proportion ; by giving the chief officers of the railway

control of, and making them responsible for, the several departments,

so that they might be held answerable for the results ; and by pro-

viding a gradation of responsibility throughout all the employes. Im-
provements in the machinery and system of working might be pro-

moted by the formation of an association amongst railway companies,

embracing the objects of the association between the German railway

companies, and of the association between manufacturers, near Man-
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Chester, for the prevention of hoiler explosions. It was doubtful, how-

ever, whether such an association could become of any practical utility

in this country, unless it assumed the form of an association for the

purpose of mutual insurance against accidents managed by a board of

railway officials, chosen from the associated companies.

Proc. Iu3t. of Civil Engineere, April Ist, 1862.

The Economic Angles in Parallel Open-worh Girders.

From the Lend. Civ. Eng. and Arch. Journal, May, 1802.

(Continued fi'om page 27*.)

We have hitherto spoken of each pair of braces as having to con-

vey a certain vertical component = v, towards one only of the piers,

say to pier Q, so that the first individual of the pair is always a strut

or tie, while the other is always a tie or a strut. But there are some
cases in which a pair of braces may be required to transmit a vertical

component at one time in the direction of pier Q, and at another (from

changes in the distribution of the loading) in the opposite direction,

or towards pier P. This occurs in the central pairs of long girders

when a large portion of the loading is movable, and still more strik-

ingly in the case of the longitudinal stiffening girders applied to sus-

pension bridges, the duty of which is to distribute as uniformly as

may be over the span, the effect of a concentrated or irregular loading.

When the amount of action of the pair, or the value of V, is as

great when directed towards one pier as when towards the other, the

economic angles will evidently be each equal to 45°, whatever the

ratio of a^ to a.^ And many of the pairs in the stiffening girders of

a suspension bridge will approximate more or less nearly to this con-

dition. On the other hand, when the secondary value of V is less than

— times the first value (supposing ties to be the most economical

braces, and — times when struts are the most economical) then the
^1

secondary action may be neglected, since the angles e^ and e^ being
calculated with reference to the greater value of v, there will never-

theless be sufficient material in the parts to carry the less value of V
in the opposite direction ; care must however be taken to give a suit-

able form of section to that brace which is in the first instance a tie,

to fit it for acting as a strut under the less value of V.

The Application to Actual Structures.—The general conclusion

arrived at in a previous paper, that, when one uniform value of a is

adopted for both booms, the sum of all the numbers representing the
weights of every bay of both booms, is unaltered by changes in the

inclinations of the braces—so long as the distribution of the loading

remains the same—is practically applicable, with an approximation
to accuracy, to very few structures. The most important are the lon-

*The equivalent of x (as given iu equations 5, on page 25,) should be multiplied by c.
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gitudinal stiffening girders of suspension bridges, whose booms act al-

ternately as struts and ties. There are some other structures that

may be mentioned, the loadings or pressures on which may at different

times act in opposite directions, but to which the investigation is

scarcely applicable ; such are the piers of viaducts, the longitudinal

strengthening girders in some ships, horizontal girders to resist the

wind, &c.

When a for the upper boom is taken greater or less than a for the

lower one, the above conclusion would no longer hold good. And we
might, therefore, very properly go on to investigate the economic

angles for various girders having one uniform value of a for the top

boom, and another uniform value of a for the bottom boom ; this Avould

lead us somewhat nearer to the truth, particularly in the case of struc-

tures having long spans in proportion to their depths. We will not,

however, at least at present, enter upon this part of the subject, but

proceed at once to the practical consideration of the general and much
more interesting questions connected with the construction of complete

girders in an economical manner.

The Economic Construction of Crirders.

As the above title is a very comprehensive one, and, indeed, in-

cludes the subject we have just left, it is necessary to state that we
do not intend at present to treat on the general subject of the econo-

mic construction of girders, but only employ the heading as an appro-

priate one under which to classify what follows in this, and also, it

may be, in some future papers.

We purpose discussing certain girders in a thoroughly practical man-
ner, taking no uniform value of the factor a for a boom, or for the

struts of the bracing, or other parts, but adopting such a value of it

for each particular bay of the booms, and for each particular brace, as

shall be derived from executed structures, or dictated by constructive

as well as theoretical considerations. It must be apparent that such

a treatment of the subject removes it at once from the grasp of the

higher forms of mathematical analysis ; and our course of procedure

will therefore be to tabulate the results of the separate calculations,

based upon actual working data, of all those forms or varieties of any
given structure which have any chance of being adopted ; so that

their respective merits and peculiarities may become obvious at a

glance. Of course such a mode of investigation is both tedious and
cumbrous, but it will be appreciated by a much wider circle of readers,

and have a more direct bearing upon practical construction than any

other mode ; and we think it right to give the calculations in consi-

derable detail, since the values of the factor a are taken somewhat

arbitrarily, and as the forms of girder that will be made the subjects

of discussion are such as will probably be employed in bridge construc-

tion to a very great extent indeed.

So long as the question of the economic angles is confined to cases

in which the depth is less than or only one-sixteenth of the span (like

the Newark Dyke Bridge, and many others which follow in this re-
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spect the proportions of the Britannia Tube) as well as to suspension

bridge stiffening girders, it is of very considerable importance ; and
the economic angles for the whole structure will approximate pretty

Fig. 1.

nearly to the values given in Tables I. or II. (pages 26 and 27). But
when we accept the option which open-work construction offers us, of

making the proportional depth twice as great as that of the Britannia

Tube, with the highly economic advantage of a diminution of the

stresses in the top and bottom of the girder by more than one-half,

we shall find that the effect of variations in the value of 9, is very
much complicated with and overborne by the influence of other ele-

ments that enter into the question.

This point of depth of structure in proportion to span, is that on
which must chiefly rest the comparison of plate with open-work gir-

ders ;
yet in a discussion, which extended over two evenings, at the

Fig. 2.

\l m \i « \i a

////
Institution of Civil Engineers, London, on the relative merits of these

different modes of construction, it was altogether overlooked. In the

letter already referred to (vol. xviii. p.236*), the writer had the honor

of being the first to draw attention to the matter, and further of ad-

vising the adoption for open-work girders of a depth equal to at least

one-eighth of the span ; and to this proportion he has very uniformly

adhered in his practice as a consulting engineer, with the most grati-

fying economical results. Fig, 1 shows the girder of a viaduct con-

structed according to his drawings and calculations, two girders being

employed to support two lines of railway; these girders have a depth

equal to one-eighth of the span ; and two series of braces, all placed

at an angle of 45°, so that the span is divided into eight equal bays

Fig. 3.

or sub-spans. We purpose now giving the calculations of the quanti-

ties of material required for the construction of all the marked varie-

ties of such a girder, under various conditions of loading and attach-

ment to the piers, so that by tabling the results, their respective costs

CiTil Engineer and Architects' Journal.
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can at once be ascertained, and hence the most economical form for

the purpose in view made choice of.

The varieties of the pattern of the girder itself which we shall con-

sider are/owr, viz :—1st. The regular form shown by Fig. 1, in which
all the braces are inclined at 45°. 2d. A modification of Fig. 1, in

which all the braces, the inclinations of which can be altered without

afiecting the distribution of the loading, will be placed at the econo-

mic angles calculated by formula 2, p. 24, for the case of the bracing

alone being considered. 3d. The form shown by Fig. 2, in which all

the struts are placed perpendicularly, and the ties at 45°, the number
of series being reduced to one. And, 4th. The analogous form shown
by Fig. 3, in which all the ties of the bracing are vertical, and the

struts at 45°. The loading will be considered as applied in two differ-

ent ways ; 1st, as concentrated at the level of the upper boom ; and,

2d, as Avholly at the level of the lower boom. The modes of attaching

the girder to the piers will be thi-ee^ viz :— 1st. By the extremities of

both booms, so that no end pillar is required. 2d. By suspension, the

attachment being at the extremities of the upper boom, and therefore

the end piece acting as a tie. And, 3d, by direct support at the ex-

tremities of the lower boom, the end pillar being then a strut. There
will therefore be results for twenty-four different arrangements or

combinations, in all of which the span S, the depth D, the bays of the

roadwa}^, and the amount of the loadings, are the same ; the only

changes being in the values of (). The loadings we will suppose to

consist of a movable loading equal to one ton per foot run of the gir-

der, and a fixed loading or dead weight equal to half a ton per foot

run. Were other values of the dead weight assumed, the number of

combinations would be so many-fold increased, but the estimate we
have adopted is pretty well suited for ordinary railway bridges of cer-

tain spans.

The values of a employed in the calculations are, as far as found
suitable, drawn from the completed viaduct already referred to, the

whole being of wrought iron. The values of a are taken so great as

to make a liberal allowance for joint-plates, for excess of material ren-

dered advisable or unavoidable ; for excess of length of parts above
the calculated length between the points of intersection of the central

lines; for rivets in the case of struts, required to build them up: and
for loss of strength in the case of ties, from rivet holes, supposing

these to be judiciously placed; these extras have been taken so libe-

rally, that in some structures as much as 10 to 15 per cent, might be
safely abstracted from the values of a. No general rule can be given

for the value to be assigned to the factor a for struts: regard must be
chiefly had to the unsupported length compared with the amount of

stress to be conveyed, as tliis in a great measure determines the pro-

portions of length to least width. Again, in girders, the form of sec-

tion of the bracing struts will very properly be chosen with respect

to the first or strongest, marked a in the figures ; and as all the struts

must, for constructive reasons, be of somewhat the same pattern, the

shape determined upon will necessarily be very ill-suited for the cen-

tral struts, and consequently the values of a for these should on this
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account, as well as from their diminislied stresses in proportion to

their lengths, be greatly increased.

The depth D will be assumed as the unit of length, and one-twenty-

fourth of the whole load on the girder will be taken as the unit of

weight or stress ; one-half only of the length of each girder will be

calculated, and the weight of each part made = stress X length x a =
V sec.^9 a.

The details of the calculations for the case of the girders being of

wrought iron are so fully given, that little trouble will attend the cal-

culation of results for other materials or circumstances, since the re-

quisite substitution of the appropriate values of a are rendered by
such detail as clear as possible.

Calculations of the Weight of Iron in the Bracings and End Pil-

lars.—1. In table I. are given the elements and results of the calcula-

tions for the first or regular form, fig. 1, when the roadway is situated

at the level of the upper boom.

Table I.

Brace. a. v. Sec.2 6). Weight.

A 0-00060 6 2 0-00720

B 000067 4-5 2 0-00603

C 000077 3-25 2 000501
D 000090 2 2 0-00360

E 0-00120 1 2 0-00240

F 0-00045 2 2 00180
G 0-00045 3-25 2 0-00292

H

I as a tie.

000045

0-00045

4-5

6

2

1

0-00405

0-03301

0-00270

I as a strut, 0-00060 6 1 0-00360

Table II. is for the girder as above, but with the roadway at the

level of the lower boom.

Table II.

Brace. a. r. Sec.2 6. Weight,

A 0-00065 4 50 2 0-00585

B 0-00076 3 25 2 000494
C 0-00090 200 2 000360
D 000120 1-00 2 0-00240

E 0-00045 200 2 00180
F 0-00045 3-25 2 0-00292

G 0-00045 4-50 2 000405
H

I as a tie,

000045

000045

6-00

6-00

2

1

00(1540

0-03096

0-00270

I as a strut, 000060 600 1 0-00360

Vol. XLIV.—Third Series.—No. 2.—AnonaT, 1862.
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In the first of the above tables, the values of a are taken in excess

of, but as nearly as possible in proportion to, those for the actual via-

duct. It will be observed that strut A in the second table has the

same value of V as strut B in the first ; but a better form of section

may be chosen for the former, a, for it is therefore taken somewhat

less than for B : the other values of a are assigned from similar con-

siderations.

2. The elements and results of the calculations for the second form,

or that with the economic angles as already explained, are given in

tables III. and IV. ; the first being for the case of the loading being

at the level of the upper boom, the second for the loading concentrated

at the lower level.

Table III.

Brace. a. e. V. Sec.29. Weight.

A 0-00060 45° 0' 6-00 2-0000 0-00720

IB' 0-00067 38 47 4-50 1-6457 000496
C 0-00077 36 25 .3-25 1-5442 0-00386

D 00090 33 41 200 1-4442 000260
E 0-00120 45 100 2-0000 0-00240

F 0-00045 53 8 2-00 2-77S2 0-00250

G 0-00045 51 37 325 2-5937 0-00379

H 0-00045 50 7 4-50 2-4321 0-00493

0-03224

I as a tie, 0-00045 6-00 l-OOOO 00270

I as a strut, 0-00060 6-00 1-0000 0-00360

Table IV.

Brace. a. 6' V. Sec.2 e- M'eight.

A 000065 39° 17' 4-50 1-6691 0-00488

B 0-00076 36 39 3-25 1-5536 000384
C 0-00090 33 41 2-00 1-4442 00260

D 00120 45 1-00 2-0000 0-00240

E 000045 53 8 200 2-7782 00250
F 0-00045 51 29 3-25 2-5786 0-00377

G 0-00045 49 46 4-50 2-3970 0-00485

H 000045 45 600 20000 0-00540

I as a tie. 0-00045 600 1-0000

03024

0-00270

I as a strut, 000060 6 00 1 0000 000360

3. Tables V. and VI. are for the third form of the girder, or that

in which the struts of the bracing are vertical, and the ties at an in-

clination of 45° (fig. 2). The first of these tables is for the case of

the load being at the upper, the second for the load being at the lower

level.
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Table V.
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Brace. a. V. Sec. 2 9, Weight.

A 000060 10 50 1 000630
B O0O0G7 7-75 1 0-00519

C 0-00077 5-25 1 0-00404

iof U 000090 1-50 1 0-00135

E 0-00045 300 2 000270
F 0-00045 525 2 0-00473
G 0-00045 7-75 2 0-00697

H

I as a tie,

0-00045

00

10-50

0-00

2

1

0-00945

0-04073

000075
I as a strut, 00060 1200 1 0-00720

Table VI.

Brace. a. V. Sec 2 e- Weight.

A 0-00065 7-75 1 0-00504

B 000076 5-25 1 00399
C 000090 300 1 000270

^ of D OD 0-00 1 000075
E 0-00045 3-00 2 0-00270

F 00045 5-25 2 0-00472

G 0-00045 7-75 2 000698
H

I as a tie,

0-00045

0-00060

10-50

1-.50

2

1

000945

003633

0-00030

I as a strut, 0-00060 10-50 1 0-00690

4. The calculations of tlie weights of the various parts of the fourth

form, fig. 3, having vertical bracing ties, the struts being inclined at

angles of 45° therewith, are given for the two cases of the load being
concentrated at the top and the bottom booms, in tables YII. and
VIII., respectively.

Table YII.

Brace. a. V. Sec.2 e. Weight.

A -00060 10-50 2 •01260

B •00067 7 75 2 •01038

C -00077 5-25 2 •00809

D •00090 3-00 2 •00540

Aof E cc 0-00 1 •00030

F •00045 300 1 •00135

G •00045 525 1 •00236

H

I as a tie.

•00045

•00045

7-75

10-50

1

1

-00349

•04397

•00473

I as a strut, •0012J 1-50 1 •00180
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Table VIII.

Brace. a. V. Sec.25. Weight.

A •00060 10 50 2 •01260

B •00067 7-75 2 •01030

(; •00077 5-25 2 •00S09

D •00090 300 2 •00540

iof E •0004 5 1-50 1 •00068

F •00045 5-25 1 •00236

G •00045 7-75 1 •00349

H

I as a tie,

•00045

•00045

10-50

12-00

1

1

•00472

•04764

•00540

I as a strut, 00 •00 1 •00200

Table IX.

RESULTS FOR THE WEBS COMPLETE.

Without L With I as With I as

a tie. a strut.

1st Case: Load at Top.

1st Form of Girder, . •03301 •03571 •03661

2d do.. -03224 •03494 •03584

3d do.. •04073 •04148 •04793

4th do.. •04397 •04870 •04577

2d Case: Load at Bottom.

1st Form of Girder, . •03096 •03366 •03456

2d do.. •03024 •0329

t

•03384

3d do., •03633 •03723 •04263

4th do.. •04764 •05304 •04964

(To be Continued.)

On Single and Continuous Straiglit Girders. Bj Mr. Francis
Cam PIN.

From the London Artizan, May, 1S62.

After a few preliminary remarks upon the impulse given to the

progress of bridge building by the introduction of wrought iron as a
material for that purpose, the author proposed to explain a simple

and practical method of proportioning the ilanches of straight gir-

ders. The amount of strain upon any part of a straight girder, might
be calculated to the greatest nicety by formulae deduced from mathe-
matical investigations, which, however, are generally too complicated
to be practically avaihable.

The curve of strain upon a girder simply supported at each extrem-
ity is a parabolic segment, which, however, may be closely approxi-
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mated by a circular segment, hence the least area of any section of

the flanches may be measured on the ordinates of a curve drawn as

follows :

—

Find the area at the centre of the girder, from which point lay off

to scale at right angles to the girder, an ordinate representing such

area, then describe a circle passing through the extremities of the

ordinate and line of girder. It is desirable that the vertical scale of

areas be as small as possible in proportion to the horizontal scale.

The area of either flanch at the centre, including loss by rivets, may

be found from the expression, 0-0313—^, where w = load in tons

per foot run, I = space in feet, d = depth in feet, the result being

the area in square inches.

One span of a continuous girder may be regarded as virtually di-

vided into tAvo or more parts, a central part acting as a girder sup-

ported at each end, and limited in length by the points of contra-flex-

ure, which part may be treated exactly as any ordinary single girder

as described above, and one or two end parts, of which each acts as

a girder fixed at one end and free at the other, bearing an uniform
load, tv, per foot run distributed over its length, and a concentrated

load at its extremity, equal to half the total load on the central part

of the girder. The area at the point of fixture being found for either

w X
flanch from the expressions, -7-^ , where w = total load on half beam

and on central part, d = depth of girder, x = distance of point of

contra-flexure from point of support = length of half beam. All

that remains to be determined is the value of x, which corresponds to

a minimum area of the curve of strain.

The author then explained the process of finding 2;, which gives

for a beam fixed at both ends, 0-25 I. And for a beam fixed at one
end and supported at the other, 0-215 Z.

In the case of a continuous girder, the values of the 2;'s are as-

sumed first as equivalent to one of the above quantities, and then re-

duced to give an equivalent of area over the points of support, which-

ever span such area is calculated from.

The author then proceeded to find the actual saving from the use

of continuous girders, and from a calculation of numerous existent

cases found that it sometimes amounted to 25 per cent, of the weight,

averaging about 18 per cent.

These results were obtained from an empirical formula, for the

weight of metal in a bridge, supposing single spans to be used, it is,

-. ^' .....
,
giving the weight in tons, b = the breadth, and I= the span,

both in feet, the quantity 2-25 being found from the expression

log. 7P— log. iv' + log. b'— log. b
^

log. I — log I'
'



90 Mechanics, Physics, and Chemistry.

in which w, h, I, w', b', I', are the weights, breadths, and spans for

two cases ; n == 2*25 was the mean result of solutions of the above

equations.

Proceedings Inati. Ciyil Engineers, April 10, 1862.
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O71 the Igniting Point of Coal Gas. By Dr. E. Frankland, F.R.S.

From the Journal of Gas Lighting, Water Supply, and Sanitary Improvement, No. 250.

The temperature at which coal gas will ignite under ordinary or

extraordinary conditions, is a circumstance of considerable impor-

tance, both to manufacturers and consumers of gas; nevertheless, the

recent explosion in Holborn, and the difference of opinion which evi-

dently prevails, even amongst those who are intimately acquainted

with the properties of coal gas, prove that the subject has not hitherto

received that attention which it obviously merits. Under these cir-

cumstances, the following experiments, and the conclusions drawn
from them, although they are far from exhausting the subject, may
not perhaps be altogether unacceptable as a contribution to this part

of the history of coal gas.

The heterogeneous mixture of gases and vapors known as coal gas,

may, for our present purpose, be assumed to consist of:

—

defiant gas and other luminifcrous hydrocarbons.

Light carburetted hydrogen, or fire-damp.

Hydrogen.
Carbonic oxide.

Bisulphide of carbon.

Now, as these constituents can, to some extent, become separated

from each other, under certain circumstances, it is desirable, at the

outset of the inquiry, to examine separately their respective igniting

points.

1. defiant gas, which may be taken also as the type of the remain-

ing luminiferous hydrocarbons, could not be inflamed by a hot iron,

unless the latter were heated until it appeared of a cherry-red color

in the daylight of a tolerably well-lighted room.

2. The igniting point of light carburetted hydrogen was carefully

determined by Davy, to whose observations I have not a word to add.

He says that "light carburetted hydrogen can be inflamed by white

hot sparkling iron, but not by iron at a red heat ; it is, therefore,

much less inflammable than hydrogen or carbonic oxide, and less so

than olefiant gas." Bischof says that it cannot be inflamed by burn-

ing tinder, even though the tinder be strongly blown upon.

3. Hydrogen inflamed at a lower temperature than olefiant gas,

but it could not be ignited by a rod of iron, unless the latter were

heated to a temperature considerably beyond visible redness in a tole-

rably well-lighted room.

4. Carbonic oxide inflamed at a temperature somewhat greater than
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that at which hydrogen ignited, but lower than that necessary for the

inflammation of olefiant gas.

5. Bisulphide of carbon vapor ignited at 300° Fahr.

In some experiments recently made in connexion with the gas ex-

plosion in Wood Street, I had occasion to observe that when coal gas

is allowed to mix with air contained in a space, partly enclosed, but

still communicating freely with the atmosphere, such as the open gas

main in Holborn, for instance, there occurred an approximate separa-

tion of the lighter from the heavier constituents of the gas ; thus

samples of the explosive mixture taken from such a space were found

on analysis to contain olefiant gas, luminiferous hydrocarbons, car-

bonic oxide, and bisulphide of carbon, with but a small per centage of

light carburetted hydrogen, and mere traces of hydrogen, although

the two latter gases constitute, as is well known, the chief bulk of

coal gas. These gases must, therefore, have rapidly made their way
out of the partially-enclosed space into the atmosphere. This beha-

viour of the different constituents of coal gas, when the latter is

slowly admitted into one end of an open main containing atmospheric

air, may not inaptly be compared to that of a number of birds of dif-

ferent powers of flight, entering at one end of the pipe, and making
the best of their way towards the opposite extremity. At every mo-
ment from the entrance of the birds, the per centage of those of swift

flight would diminish near the entrance end of the pipe, whilst that

of the birds of slower velocity would obviously increase in the same
ratio.

The Master of the Mint has proved that the rapidity with which

gases diffuse into each other, or into a vacuum, is inversely propor-

tional to the square roots of their specific gravities ; and, although

there are some circumstances in the case of the open gas main, or

partially-enclosed space, which would somewhat interfere with this

ratio, yet, for all practical purposes, Mr. Graham's law may be as-

sumed to express correctly the different velocities with which the

constituents of coal gas would hasten to escape from the space in

question.

These velocities of diffusion are as follow :

—

Bisulphide of carbon, . • 1*00

Olefiant gas, . . . 1*66

Carbonic oxide, . . • 1'66

Light carburetted hydrogen, . . 2-19

Hydrogen, . . • 6-23

All other luminiferous hydrocarbons existing in coal gas must have

a diffusion velocity lower than that of olefiant gas.

Thus the effect of diffusion of coal gas in an open horizontal pipe,

or other similar partially-enclosed space, would be to form an explo-

sive mixture, containing chiefly hydrogen as the combustible gas, at

or near the open extremity of the pipe ; whilst the explosive mixture,

formed near the end of the pipe where the gas entered, would cou-

tain chiefly carbonic oxide, olefiant gas, and bisulphide of carbonc
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It is obvious, from experiment No. 3, that the explosive mixture,

formed near the mouth of the tube, would ignite at a somewhat lower

temperature than that required for the ignition of an explosive mix-

ture containing all the constituents of coal gas. Still, even this more
inflammable mixture could not be ignited below a red heat distinctly

visible in the daylight of a room. It might, however, be expected

that the explosive mixture, formed at the opposite extremity of the

tube, would be capable of ignition at a still lower temperature, owing

to the continued increase in the proportion of the highly inflammable

but sluggish bisulphide of carbon, which could, doubtless, under fa-

vorable circumstances, increase to at least ten times the amount origi-

nally contained in the coal gas. In order to ascertain the eifect of

the presence of a considerable per centage of bisulphide of carbon

vapor upon the inflammability of the constituents of coal gas, and

especially of carbonic oxide and defiant gas, the following experi-

ments were made :

—

6. Carbonic oxide was mixed with about 3 per cent, of the vapor

of bisulphide of carbon, and was then allowed to issue from a jet into

the air. The jet of gas readily ignited on the approach of a glass

tube containing oil heated to 410° Fahr., the igniting point of the

gas being probably not higher than 850° Fahr.

7. Hydrogen, containing the same amount of bisulphide of carbon

vapor, ignited by contact with a tube containing oil at 420° Fahr.

Here, then, was a phenomenon which would seem to indicate the

alarming possibility of the ignition, at a comparatively very moderate

heat, of explosive mixtures of coal gas and air ; fortunately, the next

experiments entirely allay any apprehensions on this score.

8. defiant gas, impregnated with 3 per cent, of the vapor of bi-

sulphide of carbon, did not inflame at a perceptibly lower temperature

than when free from the admixture of the sulphur compound.

9. To the highly-inflammable mixture of carbonic oxide and vapor

of bisulphide of carbon, used in experiment No. 6, a minute trace

(not O'l per cent.) of defiant gas was added ; instantly, the igniting

point of the mixture was raised to that of pure carbonic oxide.

10. A similar experiment with the hydrogen mixture (No. 7), gave

a corresponding result.

Thus, the extraordinary inflammability which is imparted to car-

bonic oxide and hydrogen by the vapor of bisulphide of carbon, is

entirely removed by mere traces of olefiant gas ; and it is probable

that the other luminiferous hydro-carbons contained in coal gas would

produce the same efiect. In order to complete this part of the in-

quiry, it now only remained to extend these experiments to coal gas

itself.

11. Coal gas could not, even under the most favorable circum-

stances, be ignited at a temperature perceptibly below that described

in experiment No. 4, as necessary for the inflammation of carbonic

oxide.

12. When coal gas was mixed with 3 per cent, of bisulphide of

carbon vapor, its igniting point was not lowered in the slightest de-

gree.
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Having thus proved that any amount of diffusion can liave hut a

very slic'ht eflfcct upon the inflammability of explosive mixtures of

coal gas and air, the following experiments were made to decide the

disputed point, whether coal gas can be inflamed by sparks :

—

13. Hydrogen was readily inflamed by sparks struck from flint and

steel.

14. Carbonic oxide was also readily ignited in a similar way.

15. The mixture of coal gas and air, issuing from a wire-gauze

burner, was repeatedly, and easily, inflamed by the sparks struck

from flint and steel.

These results are quite in conformity with the experience of gas-

engineers and managers, several letters from whom are now before

me, describing the ignition of gas from the sparks elicited by the con-

tact of a workman's pickaxe with stones, the chipping of a main, &c.

The notion that coal jras will not inflame under these circumstances

has, doubtless, arisen from the impossibility of so igniting the gas of

coal mines ; but the combustible gas existing in British coal mines

has been proved, by very numerous analyses, to be light carburetted

hydrogen only—no trace of hydrogen, carbonic oxide, or olefiant gas

being ever present in it. Now, the igniting point of light carburetted

hydrogen, as has already been explained, is very much higher than

that of the other combustible gases present in coal gas, and hence,

•whilst the mine may be safely lighted by the "steel mill," the use of

such an instrument in an explosive mixture of coal gas, would infal-

libly cause ignition. A word of warning as to the use of the safety-

lamp in gas-works may perhaps not be here out of place. Even in

the difficultly inflammable fire-damp mixture of coal mines, the Davy
lamp was known by its inventor to be unsafe in certain conditions,

—

as when placed in a strong draft, or rapidly swung to and fro. Any
degree of insecurity thus attaching to the safety-lamp in mines, is in-

creased tenfold when it is used in explosive mixtures of coal gas, and
hence it is highly desirable that the gauze of such lamps should be

finer than that used in the miner's lamp, and also that the workmen
should be stringently prohibited from placing the lamps in a draft

of explosive gas, or swinging them to and fro, since the neglect of

these precautions may easily cause disastrous explosions.

In conclusion, the results arrived at may be thus shortly summed
up:—

1. Coal gas cannot, even under the most favorable circumstances,

be inflamed at a temperature below that necessary to render iron very

perceptibly red hot by daylight in a well-lighted room. But this tem-

perature is considerably below a red heat visible in the open air on a

dull day.

2. This high igniting point of coal gas under all circumstances, is

due in a great measure to the presence of olefiant gas and luminife-

rous hydrocarbons.
3. The igniting point of explosive mixtures of the gas of coal mines

is far higher than that of similar mixtures of coal gas ; consequently,

degrees of heat, which are perfectly safe in coal mines, may ignite
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coal gas ; hence, also, the safety-lamp is much less safe in coal gas

than in fire-damp.

4. Explosive mixtures of coal gas and air may be inflamed by sparks

struck from metal or stone. Thus, an explosion may arise from the

blow of the tool of a workman against iron or stone, from the tramp
of a horse upon pavement, &c.

5. Explosive mixtures of coal gas may also be ignited by a body
of a comparatively low temperature, through the medium of a second

body, whose igniting point is lower than that of coal gas. Thus sul-

phur, or substances containing sulphur, may be inflamed far below
visible redness ; and the contact of iron below a red heat with very
inflammable substances, such as cotton waste, may give rise to flame,

which will then, of course, ignite the gaseous mixture.

The Waste Products of Gas WorTcs.

From the Journal of Gas Lighting, Ac, No. 250.

Dr. Lyon Playfair is delivering a short course of lectures at the

Royal Institution, on the progress of some of the chemical arts since

1851, and in his first two lectures, on the 8th and 15th inst., his sub-

ject was " The Distillation of Coal." He selected that subject, he
observed, not because there had been any marked improvement in the

manufacture of gas, but on account of the new applications of the
products of gas works, which had given great value to what was for-

merly considered to be valueless. In the first lecture, he described

the various processes of gas making, and explained the principle on
which the illuminating power of gas depends. In endeavoring to il-

lustrate the effect of enriching pure hydrogen gas by passing it

through naphtha, the glass vessel in which the fluid was contained
exploded when he applied a light to it, and fragments of glass were
scattered in all directions, and dense brown fumes filled the lecture-

room, and drove many of the ladies away. He exhibited a large and
beautiful mass of paraffin, and a bundle of paraffin candles that had
been made from coal-tar, and contrasted the present state of the manu-
facture and the use of that article with its condition in 1851, for in

the Exhibition of that year, a single
.
paraffin candle only was exhib-

ited as a great curiosit}^, which had been produced from peat ; whilst

in the Exhibition now open, there are abundant specimens of the pa-
raffine wax and candles made from coal-tar, the production of that

article having become an important branch of manufacture.

In the second lecture, the ammoniacal products, and the dyes pro-

duced from coal-tar, were noticed. He stated that 4000 tons of the

muriate, 5000 tons of the sulphate, and 2000 tons of the carbonate
of ammonia are annually produced from gas liquor ; and he no doubt
surprised and somewhat disgusted the lady portion of his audience by
informing them that their smelling bottles arc filled from the refuse

of gas works, and the sweepings of streets. He exhibited the pro-

cess of extracting oil and naphtha from coal, and proceeded to de-



Description of a Rivet-mahing Machine. 95

scribe and to illustrate the chemical changes that take place in the
formation of aniline, roseine, and the other hydro-carbon compounds
that now form dyes of all colors. Specimens of all the products were
exhibited, and of silks and woollens that had been dyed by them. To
illustrate more forcibly the quantities of such products derived from
coal, a mass of coal Aveighing 100 lbs. was placed near the lecture-

table ; and near to it were placed the various products obtained from
a mass of that size, and the quantity of wool which had been dyed
by the products of the distillation of a similar mass. The chemical
processes by which coal becomes converted into beautiful colors, may,
he said, also be applied to extract from the mineral the smell and fla-

vor of almonds, with which confectionery is now flavored, as a sub-

stitute for the far more dangerous dilutions of prussic acid. Dr. Lyon
Playfair showed how easily silks may be dyed yellow, mauve, or ma-
genta, by the application of the extracts from coal-tar; and, in expa-
tiating on the great value of these new chemical processes, he ob-

served that, by their means, this country had been rendered indepen-
dent of foreign countries in the production of coloring substances,

and that, in all probability, we should become the exporters of dyes,

even to those parts of the world from which they have hitherto been
imported.

Description of a Rivet-maMng 3IacMne. By Mr. Charles de Bergue,
of Manchester.

From Newton's London Journal, June, 1862.

The main feature of this machine consists in its making rivets by a
continuous motion, and in its compactness and simplicity of action.

The dies for holding the blanks to form the rivets are fitted radially

in a disk, which revolves on a horizontal shaft. These dies are eight

in number. The heads of the rivets are formed by a cast iron header,
carried by the crank fixed on a second horizontal shaft, revolving
eight times for once of the disk, and so geared with it, by means of
toothed wheels, as to coincide exactly with the eight dies as they suc-

cessively pass before the header, at the moment of its full stroke, to-

wards the disk. At this time the disk, carrying the dies, and the
header are for a moment traveling together. The end of the crank
arm, carrying the header, slides in a slot in a ring, which enters a
recess in the disk, and revolves freely upon the centre pin of the disk.

The inner half of this ring is turned eccentrically, and upon it a loose

ring or eccentric is placed, to take the thrust of the pins which hold
up the rivets during the heading, and force them out of the dies when
completed. The eccentric is held in a fixed position, or nearly so, by
the end of the header bar or crank arm sliding through the slotted

ring, the eccentricity being set not quite opposite to the point where
the heading takes place, so that the moment the header has left the
die, the eccentric begins to act in forcing the rivet out. The loose

ring always moves with the pin which holds up the rivet while the
heading is being performed, and also while forcing out the rivet, and
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thus throws the wear upon the whole surface of the eccentric, Instead

of confining it to the portion directly under the header.

To prevent the possibility of accident to the machine from blanks

being put into the dies too cold or too large in size, the header is sup-

ported behind by a small crushing piece of cast iron, which lies free

in a recess in the header bar, and is made of such sectional area as to

resist the usual crushing strain required for heading a rivet, but to

yield if by any accident an unyielding substance should get between

the header and the die.

During the time of the header being in action, the motion of the

header and the die, as governed by the toothed wheels, would not be

perfectly coincident, except at the beginning and the end of the head-

ing process. At the point where the process commences, which is a

point adjustable at option, the centre line of the header as carried

forward by the toothed wheels, coincides with the centre line of the

rivet to be headed ; then proceeding in the direction of the rotation,

the rivet overruns the header slightly, and again exactly coincides

with it when on the centre line or line of greatest
.
pressure ; after

which the reverse action takes place as the header recedes from the

die. The motions of the header and the die are however made per-

fectly coincident throughout by means of a steel pin inserted in the

header bar alongside of the header; and eight corresponding holes to

receive this pin, are bored in the circumference of the disk, side by
side with the holes which contain the dies. The pin enters the hole

in the disk at the point where the heading process commences ; and

the teeth of the driving pinion are, at the same time, partially cut

away, so as to clear the teeth of the larger wheel, while the pin is in

action ; and then, as the pin leaves the hole in the disk, the teeth of

the pinion again take up the driving action, and continue the move-

ment of the disk. Thus the die is carried forward, during the head-

ing process, by the pin, independently of the driving wheels, which

are not required at that part of the rotation for working the machine.

The bars for making the rivets are heated in a furnace alongside

the machine, and are then cut off to the required lengths by a lever-

cutter, driven by a double cam on the heading shaft ; thus allowing

two lots of rivets to be cut for one rivet made, and so giving time for

changing the bars, while still a sufficient supply of blanks is always

kept cut ; four to six blanks are cut off in each batch, about ten bars

being kept in the furnace at once. The blanks are fed into the dies

by two boys, a third boy doing the cutting. The lengths to be cut off

are regulated by an adjustable gauge bar.

The machine is placed close by the side of the furnace, so that the

heated bars have only to be carried about two feet distance from the

furnace mouth to the cutter, and the ends cut off fall into a trough,

down which they run to a convenient position for the boys who feed

the dies. The finished rivets fall out below the disk into a truck

placed to catch them, and are thence wheeled away. The machine is

speeded to the size of the rivets to be made : thus, for one-inch rivets

the disk revolves four times per minute, making thirty-two rivets per
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minute ; and for half-inch rivets the disk revolves five times per min-
ute, making forty rivets per minute.

The objects aimed at in applying machinery to rivet-making are

—

more uniform and perfect manufacture of the rivets, and a more rapid

production than by hand-making ; together with independence of the

risks of delay in the supply by hand work, when large quantities are
required. But from the simple nature of the work, and the small mar-
gin for economy in manufacture, by the application of machinery, only
a very simple and durable machine is suitable for the purpose.

The advantages found in the machine now described are—that by
the continuous motion a saving of time is effected, and a larger quan-
tity of rivets are pi'oduced in a given time ; while the shocks and con-
cussions attendant upon stopping and starting the motion, with the
consequent jar, and destructive wear and tear, are avoided,—increas-

ing the durability of the working parts. The use of the crushing piece,

also, behind the header, serves as an effectual safeguard against break-
age, and prevents the strain that can be put upon the machine ever
exceeding the intended limit, which, for making one inch rivets, is

taken at about twenty tons. The whole machine lies in a compact and
convenient form, taking up a space of about 5 feet by 9|- feet, and
only about 8 feet by 9J feet total space, including the heating fur-

nace.

The heating furnace is 3 feet long by 2J feet wide in the body, with
the fire at the back end. The flame passes over the bars to be heated,

and down a flue at the front end, just within the drawing-out door,

thus avoiding any cooling effect upon the bars when the door is open-
ed, and keeping up a very uniform heat.

Mr. Joy showed specimens of the rivets of different sizes made by
the machine, and of the heading dies, both new and when worn out

;

also of the safety crushing pieces, whole and broken.

The Chairman observed that there were many difficulties to be
overcome in applying machinery satisfactorily to the manufacture of
rivets, and though several machines had been constructed for the pur-
pose, few had proved durable in the working parts or perfect in the
mode of making the rivets. The present machine, though not new in

some of its parts, appeared in others to present novelties deserving of
consideration. He inquired how long the machine had been in opera-
tion, and what had been the wear and tear of the working parts, as

that was the main point in all such machines, which would often work
well for a time, but afterwards were always getting out of repair, and
requiring renewal.

Mr. Joy replied, that they had had two machines at work for about
two years, and one of larger capacity for about one year. No wear
was yet perceptible on the working parts, excepting the dies and
headers, which of course had to be renewed for both hand and ma-
chine work in proportion to the amount of work done. The two hori-

zontal shafts in the machine had been taken out and examined, and
Vol. XLIV.—Third Series.—No. 2.—Acgust, 1862. 9



98 IfechanicSj Physics, and Chemistry/,

were found entirely free from wear. The bearing and shafts were
entirely cast iron, got up very true, and with such a large extent of

surface that the pressure was never enough to begin wearing the me-
tal. When the first machine was made, a hearl^-wheel or cam was em-

ployed for pushing the rivets out of the dies; but the ends of the jingle

pins grinding against it, under the heavy pressure of forcing out the

rivets, caused such an excessive wear at that part, that after a short

time the cam had to be taken out for repair, and they had turned it

dovin circular as an eccentric, and put on a loose ring, as a ready

means of repairing it. This had proved so entirely successful in re-

moving the wear, that it had been permanently adopted in the ma-
chines : the head of the pin seized the surface of» the ring under the

severe pressure of forcing out the rivet, and carried the ring round
with it, so that there was no wear between the head of the jingle pin

and the ring, while the large surface of the eccentric allowed the ring

to slip round it freely without sensible wear. The cast iron crushing

piece behind the header gave way occasionally with a sharp report in

the ordinary course of working, particularly on first starting, before

the machine got warmed into its usual working condition, the hot

blanks probably being too much chilled in the cold dies ; but a supply

of crushing pieces was kept on hand, and a fresh one put in whenever
required.

The cast iron dies usually lasted two or three days, and sometimes

as much as six days. The cast iron was toughened by a mixture of

wrought iron scrap, and the dies were merely cast in sand and not

chilled ; the die hole was drilled afterwards out of the solid, and a

groove was slotted in the side of the die to receive the tightening key
for holding it in the disk, but no fitting was required for the fixing

the dies in their places. They had tried casting the hole in the die

by means of a hollow steel spindle with water running through it, so

as to chill the interior of the hole, but this did not succeed at all

;

and a sand core had also been tried, which was more nearly success-

ful. The simplest and best way, however, was to cast the die solid,

and drill the hole afterwards. After being worn out for one size, the

dies were bored out again several times for larger sizes of rivets, be-

fore being completely worn out. The header was also made of cast

iron, not chilled : cast iron was found to stand better than steel for

the header, for a steel header had been tried, but it cracked all to

pieces after heading a few rivets, and steel was of no use for such
purposes.

Mr. E. A. Cowper had also found cast iron stand best for a similar

purpose in a large hydraulic punching press, for punching out red-hot

the links for suspension bridges : a link Ih feet long and 1 foot 8 ins.

across the eye, was punched out of 1 inch thickness of metal, by a cast

iron punch and die, when the metal was red-hot. He had tried steel

punches also, but they did not stand for punching more than half a

dozen links, and then were spoilt, as the steel would not stand the fre-

quent heating by contact with the hot iron, without cracking. Ulti-

mately cast iron punches and dies alone were used, and lasted each
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about a month in puncliing out the links, punching in that time pro-

bably 200 links.

In answer to an inquiry, Mr. Joy said, that two streams of water
played over the disk as it revolved, to keep it cool ; it must not be too

much cooled, however, otherwise the machine did not work well, and
the crushing piece got frequently broken ; the machine was allowed to

get about as hot as the hand could bear, and then it worked well.

The number of rivets made per day by the machine depended much
on the form of the head : an ordinary snap or semicircular head was
the best to make, but full large heads with flat tops were most difficult,

requiring so much material to be crushed up to form the head ; and
some |-in. rivets that they had made with large heads, took as much as

2| inches length of body to make the head. Any form or size of head,

however, could be made in the machine by simply changing the header
for one of the required shape. The number of rivets made per day by
the present machine, in regular work, was about as follows :

—

|-inch rivets, 3 inches long, when finished, 30 cwts. or 4000 rivets der day.

I " 3 " " 25 " C500 "

I " 2^ " " 20 " 9000 "

J " 2^ « « 15 " 12000 "

The cost of the machine, including an apparatus for moulding and
casting the dies, was about <£300.

Inst Mech. Eng., Xov. 7, 1861.

Translated for the Journal of the Franklin Institute.

On a Peculiar Mode of Producing Soap-huhhles. By M. Felix
Plateau.

As a simple student of the Faculty of Sciences, I should have re-

garded it as premature to submit to the Academy the results of au
observation which chance alone furnished to me ; but I yielded to the

urgent solicitations of my father, who thinks the observation curious

in itself, and important in reference to a question in Meteorology.
1 had gone, at the request of my father, to throw away in the gar-

den a liquid which had served to produce the sheets and which was
contained in a capsule. I wished to try, by throwing it obliquely, to

spread it out in a sheet : I did, in fact, obtain a sheet, but to my sur-

prise I saw it convert itself into a hollow bubble from 3 to 3-5 inches

in diameter, falling slowly. I repeated the experiment a great number
of times, using simply soap-suds, and I found it to succeed certainly:

only, there almost always formed several bubbles, sometimes as many
as fifteen : their diameter, which in the largest reached from 8 to 3-5

inches, was less in proportion as they were more numerous.
The conditions which appeared to me to be the best, were as fol-

lows : Take a vessel of basin shape and about 6 inches in diameter

:

(you may succeed, but less easily, with vessels of other forms and di-

mensions:) the liquid must be in considerable quantity; throw it at

an angle of about 45° with the horizon, turning rapidly around, so as

to produce as extensive a sheet as possible. The liquid which has
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given me the best results is 1 part of Marseilles soap in 40 parts of

water.

In order to unravel more clearly the manner in which the pheno-

menon took place, I observed from an upper window, while another

person placed below, performed the experiment as I have explained.

I thus discovered that the liquid sheet of very irregular form and

indented on the edges, was resolved along the edge into numerous full

drops, while the rest was generally torn into several parts, each one

of which closed up rapidly so as to form a complete hollow bubble.

My father sees in this phenomenon, an argument in support of the

vesicular state of the vapors in clouds. In fact, one of the principal

objections urged against this hypothesis consists in the -impossibility

of conceiving how the molecules of the vapor could, whilst it was pass-

ing to the liquid state, aggregate together so as to form envelopes en-

closing air. Now, we see that such an aggregation in closed envelopes

is not immediately necessary; it is sufficient that the molecules of

water should unite in open sheets of any figures and curvatures: each

of these lamelloe will immediately close so as to give rise to a vesicle.

Doubtless the character of these lamellEe is itself not easily conceived;

but it appears at least much more admissible than the entire forma-

tion of the vesicles.

—

Cosmos.

Quicksilver Mines of New Almaden, California.

From the Lond. Mining Journal, No. 1357.

The latest advices from California state that the quicksilver mines

of New Almaden, which were so long a subject of litigation, are now
again in full operation, and that their yield is immense. According to

one account, the workmen have reached the depth of 18 ft. below the

surface, and the quicksilver is still found in little globules, so thick

that a stream almost follows the stroke of the pick. The San Fran-
cisco Mining and Scientific Press says—" There have been many re-

cent discoveries of rich cinnabar in various portions of our prolific

State, in consequence of the long stoppage of the great New Almadeu
Mine, owing to tedious and vexatious litigation. This mine, however,

is at last in full operation again, and its annual product of over

1,090,000 lbs. of quicksilver will again be in the market. The New
Almaden, New Idria, Enriquita, and Gaudaloupe Mines of Santa Clara

county, with the many recently discovered and only partially worked
cinnabar veins of Napa and Sonamo counties (which contain liquid

quicksilver), already turn out some 4,000,000 lbs. of quicksilver per

annum—an amount nearly large enough to supply the world—and,

doubtless, when these latter shall have been more thoroughly opened,

the yield will reach the high figure of 8,000,000 lbs., the value of

which, at the rate of 30 cts. per lb., would be no less than ^2,400,000;
and this we think is a moderate estimate. Hittell sets the average

aggregate annual yield of the four great Santa Clara Mines at

3,510,000 lbs., but it has reached as high as 4,275,000 lbs.; and as
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tliey are by no means worked to the best advantage, we may safely

look for largely increased returns as the operations of the companies
are extended. Lack of experience, money, and harassing litigation,

heretofore have very much retarded these operations ; and we shall

not be at all surprised if within the next ten years the annual yield

from Santa Clara doubles itself. If the accounts of discoveries in

Napa and Sonoma counties approach the truth, then we have a still

richer district there, whose yield can hardly be computed. Accounts
recently received from Washoe also speak of rich cinnabar veins dis-

covered ; we hope the reports are true. With so many mines, and such
vast yields, we may safely predict that the wholesale price of quick-

silver will constantly decrease until it reaches 8 or 10 cents per lb.

Quicksilver will then be used with a more liberal hand in the search

for gold and silver, and many other advantages to the world will arise

from its cheapness."

On an Application of Giffard's Injector as an Elevator for the

Drainage of Colliery Workings. By Mr. Charles W. Wardle,
of Leeds.

From Newton's London Journal, June, 1861.

The apparatus described in the present paper was applied by the

writer to meet the special requirements of the working of a portion

of the Kippax Colliery, near Leeds, where it has been in constant

operation for the last eight months. It is a self-acting apparatus for

raising the water for drainage of a portion of the pit workings, and
has completely answered its intended purpose ; and a similar applica-

tion may be of service in other special cases, where the cost of fuel

is not a consideration, but a simple and inexpensive apparatus is re-

quired, not needing attendance in Avorking. In the present case, a
small portion of the colliery (about 2 acres) was required to be work-
ed out, which was lying below the drainage level of the pit, and at a
considerable distance from the shaft ; and as the extent to be worked
was so limited, it did not allow of the erection of a special pumping
engine, and hand pumping was employed to raise the water a height

of 27 feet to the upper level, which was drained by an engine. This

mode of draining was continued for two years ; two shifts, of two men
each, being employed constantly at the last, with a 3J-inch pump

;

but they were not able to keep down the water in the lower workings,

as it had increased in quantity, and some other less expensive and
more efficient means was required to enable the rest of the coal to be

worked out.

An application of a Giifard's injector as an elevator was proposed
and carried out by the writer. The steam pipe used was a wrought
iron pipe, of \\ inches bore, with screwed joints. It was carried 60
feet from the steam boiler to the shaft, descended the shaft 243 feet,

and then passed along an inclined heading 730 feet long, and falling

27 feet to the elevator, which took the water at that level and dis-

charged it by an iron pipe of 2 inches bore, carried a distance of 300

9«
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feet up another inclined heading to the main drainage level at a height

of 27 feet above.

The elevator is fixed in a cistern sunk in the water, so that the inlet

pipe is at the water level. The elevator is a modification of a small-

sized injector, made in the simplest form for the sake of cheapness. It

consists of a fixed steam jet, with a brass nozzle of y^g-inch aperture,

fixed in a cast iron casing, without any means of altering the position,

with the steam pipe connected at the top, and the discharge pipe at

the bottom, the whole being closed without any overflow ; the dis-

charge aperture is tapered gradually in both directions to f-inch bore

at the throat.

In consequence of the great length of the supply steam pipe (1030

feet from the boiler to the elevator), provision had to be made for

constantly carrying off" the condensed water deposited in the pipe, in

order to insure the elevator being constantly supplied with tolerably

dry steam, as the entrance of water with the steam would stop its ac-

tion. This is eff'ected by passing the steam through the top of a de-

positing box, 10 inches diameter and 3 feet deep, from the side of

which the water flows off" into a self-acting water trap. This trap con-

sists of a closed cylinder, containing a copper cylindrical float, 8 ins.

diameter and 8 ins. deep, open at the top, and guided by a centre tube

sliding up the small pendent pipe. This pipe is prolonged outside over

the side of the vessel, and serves as the discharge for the accumulated

water ; its lower end is closed by a small conical valve fixed on the

bottom of the copper float, which keeps it closed until the water has

accumulated in the trap outside the copper float so much as to flow

into the float and sink it. The conical valve is thus opened, and the

water contained in the float is expelled through the discharge pipe, by
the pressure of steam upon its surface ; the float again rises and closes

the pipe ready for another charge.

The temperature of the heading, through which the steam pipe is

carried, is about 72° Fahr., and the steam pipe is clothed for about

one-third of its length, throughout the portion from the boiler to the

bottom of the shaft, with a coating of tarred felt wrapped round it, and
the remaining portion in the pit is wrapped with haybands. But with

the great length of the pipe (1030 feet), and its small diameter of 1|-

inches, this clothing is not sufficient to prevent a very considerable

amount of condensation taking place; and there is a constant discharge

from the water trap of about 3 gallons per hour during the working of

the elevator, a discharge taking place at successive intervals of about

a quarter of an hour. This serves quite efficiently for keeping the

steam supplied to the elevator free from water, and the elevator con-

tinues working uninterruptedly for many hours together. When the

supply of drainage water is sufficient, it works continuously day and
night without stoppage; it does not require any attention in working;
and is started simply by turning on the steam at the boiler at top,

when the elevator starts working at once. There is no valve in the

discharge pipe, so that the pipe becomes emptied each time that the

elevator is stopped working, the water running back through the in-
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strument, and out at the inlet pipe : there is consequently no pressure

of water to be overcome at starting; and the elevator always starts

working at once, when the supply water is up to the level of the inlet,

but not if the Avater has to be lifted in the inlet pipe. All that is re-

quired in starting the elevator afresh is to blow through, by turning

on the steam for two or three minutes to warm the pipes ; and then,

after shutting; off the steam for a few seconds to allow the condensed

•water to drain off, the apparatus is started at once in full work by
turning on the steam again.

When the apparatus was first set to work, the depositing box had
not been applied, and the action of the elevator was soon stopped by
an accumulation of rusted scales from the interior surface of the

wrought iron steam pipe. But the addition of the depositing box com-

pletely removed this difficulty, and the box has never required open-

ing during the eight months it has been in work.

The pressure of steam at which the elevator is regularly worked is

34 lbs. per square inch above the atmosphere at the instrument, and it

will keep working doAvn to about 28 lbs. pressure, when it stops. A
difference of pressure of 13 lbs. per inch constantly exists between the

two ends of the steam pipe—the working pressure in the boiler being

47 lbs. per square inch, in consequence of the large condensation in

the pipe, and the resistance caused by its small diameter. The ele-

vator accordingly stops working when the boiler pressure is lowered

to about 40 lbs. per inch.

The temperature of the delivery water at the further end of the dis-

charge pipe is 94°, that of the supply water being 58°
; and the quan-

tity discharged by the elevator is 780 gallons per hour, raised a height

of 27 feet. The consumption of rough coal slack, for generating the

steam supplied, is about 1| cwts. per hour ; the boiler is a plain cylin-

drical one, 4 feet diameter and 30 feet long, with oven setting ; and
supplies steam also to the winding engine for the pit ; but its consump-
tion of fuel Avas taken separately in the night, when supplying steam

to the elevator alone, the fuel being only refuse of slack from the pit,

of a very inferior and dirty description, for which there is no other

use. Consequently, the only expense incurred in the drainage of the

workings by the elevator, besides the little extra wear of the boiler, is

the cost of attendance for firing the boiler about once per hour during

the night, when the winding engine is not required to be worked. There
have been no expenses for repairs of the apparatus, the elevator never

having been opened since first put in its place, except on the occasion

previous to adding the depositing box soon after starting, as before

mentioned.

The following are some of the cases where the elevator seems to be

applicable with advantage. Where fuel is very cheap, as at a pit's

mouth, and where the small coal is burnt simply to get rid of it.

Where steam is blowing to Avaste, as in forges at night, Avhen the pro-

duction of steam continues without occasion for its use to the same
extent as in the day, and often its blowing off at night is a nuisance :

this application of the elevator has been made at Messrs. Sharp,
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Stewart & Co.'s works, at Manchester, to fill up the tanks during the

night for the day's supply, by making use of the waste steam previous-

ly thrown away. Where warm water is of value in the top cistern, as

in the case of railway tanks and some factory purposes. Where the

supply is seldom needed, and it is desired to save the first cost and

maintenance of a pumping engine, and also the attendance of an en-

gineman. Where absolute certainty of having the water lifted is re-

quired, over and above all considerations of expense, as in keeping

the tuyeres of a blast furnace cool : Messrs. Schneider, Hannay & Co.,

of the Ulverstone Haematite Iron Works, are arranging to attach ele-

vators to supply the cisterns that furnish the water to the tuyeres of

their blast furnaces, being unwilling to depend on their pumps, which

sometimes fail, whereas the elevator never fails ; in this instance, also,

there is an abundance of steam raised by the heat of the waste gas.

Where frosts prevail, and pumps suffer from ice, the elevator, like

the injector, gets itself into working order upon the admission of

steam, even when the whole instrument is a mass of ice, the heat of

the steam gradually thawing the entire mass without the possibility

of doing harm. Where the boiler is far removed from the elevator,

as in the case of the drainage of colliery workings described in the

present paper ; with the elevator no attendant need be sent to start it

or mind it.

The Chairman observed, that the elevator was a very interesting

application of one of the most ingenious inventions, and was likely to

be particularly useful for special cases in mining districts, where fuel

for raising steam was of so little cost, and the great considerations

were simplicity of construction and certainty of action, without re-

quiring attendance.

Mr. C. W. Siemens said, that although the injector was very beau-

tiful and economical in action where water had to be raised and also to

be heated, as in feeding a boiler, it was remarkably deficient in respect

of economy when employed simply as an elevator for raising water,

where the water was not required to be heated. This was shown in

the experiment which had been mentioned, where the water was raised

only 36 feet high in being heated 26°
; but the perfect equivalent of

heat, as established definitely by Joule's investigations, and others

subsequent, was that the heat required to raise 1 lb. of water 1° in

temperature would raise 1 lb. a height of 772 feet, and 1 lb. heated 26°

would raise 1 lb. a height of 772 X 26 or 20,072 feet ; hence the econo-

my of the elevator Avas as 36 to 20,072, or only
g Jjjth of the theoreti-

cal perfect duty of the heat. A very good pumping engine realized

^th of the theoretical effect, and ordinary steam engines realized y'gth

to -i^i\ and were consequently 40 to Q^ times superior in duty to the

elevator. The elevator was therefore economically applicable only

where fuel was no object, or as an injector where the heat came in

again usefully, as in feeding a steam boiler.

The injector indeed, although inferior to a pump in mere propelling

power, he considered the most perfect instrument for feeding boilers,
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so long as the supply water -was cool enough to allow it to work ; for

then all the heat imparted to the water was returned into the boiler

without any waste, whereas in using steam to work a pump, the larger

part of the heat was wasted by being thrown away with the exhaust

steam. The injector, however, would not be economical if the supply

water could be heated by other means free of expense, since its action

required the supply water to be kept cool.

Inat. Mech. Eng., >'ov. 7, 1S61.

A Paddle-Wlieel without Floats.

From the London Mechanics' Magazine, November, 1861.

Sir—I witnessed a few days ago some curious experiments on the

action of plain disks, when caused to revolve as the paddle-wheels of

a model vessel. To my great surprise, these wheels, formed of three,

four, or five smooth thin plates, without any ribs, spokes, vanes, or

other projections, propelled the model readily. This model was two
feet long, and the disks were three inches in diameter, and set about
half an inch apart on the paddle-shaft. I am informed that experi-

ments on a larger scale with a steamer 90 feet long, have confirmed

the conclusion, that for an equal number of turns a vessel would be
propelled faster by the disk wheels than by those with floats, while

the advantages of little commotion in the water, and great simplicity

in action, are much in favor of the new plan. I call it " new," be-

cause I am not able to see any similar proposal in the Record of the

Patent Office, or the notes of the abridgments of patents in propulsion,

and I think it will be interesting to your readers to consider what are

the precise means by which a wheel deprived of floats has any, not to

say a more powerful, action on the water than a wheel with floats, as

usual. Yours, Rob Roy.
Temple, Nov, 12.

Spiral Fluted Nails.

From the London Builder, No. 969.

A company has been formed for bringing into practical use the spi-

ral fluted nails, an invention of Mr. W. Wigzell, of Exeter. Mr. Wig-
zell recently exhibited these nails at Devonport. Mr. John Weary,
builder, Mr. Ash, surveyor of the manor, and several other gentlemen,
says the Devonport Independent, were present. The inventor proved
the advantages of the nail in a variety of ways ; he first drove one of
about 2| inches long into a piece of 2|^-inch deal to within a space
little more than the diameter of the nail of the "end-grain," to show
that the nail so successfully cleared its way as in no case to cause the
wood to split ; he next drove a nail into a piece of hard, knotty oak

;

he nailed two pieces of l|-inch board together by one nail at one end,
and, with a leverage of 2 feet, a strong man present had great diffi-

culty in separating the two pieces ; with a nail at each end, a wedge
and several powerful blows with a heavy hammer were necessary to
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get them asunder. The holding qualities of the nail were exemplified

bj the several tests. The nails, however large they may be, or how-

ever hard the wood on which they may be used, require no holes to be

made before driving ; the spiral point causes the nail to revolve as it

advances. Perhaps the tenacity with which they hold in wood would

be one disadvantage against their use in all purposes, especially in the

nailing of floors where removal is frequently necessary for laying on

gas ; but this inconvenience the inventor has obviated by the manu-
facture of another nail, with a slot or screw head, by which it can be

turned out with a screw-driver even more readily than a screw, whilst

it could be driven into the flooring with less than a quarter of the

labor caused by the use of screws. All present, adds our authority,

seemed to concur in the great superiority of the nails over those ordi-

narily in use. They can be manufactured as cheaply, if not cheaper

than common nails. The nails are manufactured by machines invent-

ed by Mr. Wigzell, each of which will twist at least 4000 per hour;

and the plain nails now in use can be twisted by other machines, also

invented by Mr. Wigzell, at the rate of 16,000 per hour. Premises

have been taken at Topsham for the purpose of manufacturing these

nails.

On Cast Iron. By Mr. John M. OuBRiDaE, of Messrs. Simpson's,

Pimlico.

From Newton'g London Journal, June, 1862.

The author said that, generally speaking, there were no fixed rules

or formula laid down for the guidance of those who conducted the

processes of founding castings of iron, and foremen of foundries were

consequently left much to their own individual ingenuity and talent,

in conducting the work entrusted to them. To judge rightly of their

responsibility, let his hearers take into account the varieties of pig

iron in use ; how diversified were they in their nature ? The density

of pig iron frequently varied to the extent of 12 lbs. in the cubic foot,

its cohesive strength, of course, ranging proportionably. In point of

crystallization again, what diversity was found ! Some iron, for exam-

ple, made from the black band ores of Scotland, was remarkable for the

large size of its crystals. In the process of crystallization, this iron

did not require such an amount of supply as the Staffordshire irons.

Then, if a comparison were instituted between the black band ore and

the red hrematite ore as to cohesiveness, it would be found that the

first possessed little of that qualification—at all events until it had

been frequently re-melted; whilst the hiBmatite possessed it in a re-

markable degree, when melted at once from the pig. The fusibility

and the fluidity of iron differed, too, exceedingly. The rich black band

iron of Scotland retained its fluidity much longer than either the Staf-

fordshire, Welsh, or Cleveland irons. Thus, coming to the question of

purity, the "Bowling" pig iron was distinguished by its firm grain,

the "Blaenavon" for its freedom from dross, and the "Old Park"
for the fine polish of which it was susceptible. In using other kinds of



On Cast Iron. 107

iron it was found that, while in a fluid state, impurities were constantly

rising to the surface ; and as yet no laws have been laid down for the

guidance of the practical founder, who was obliged to resort to the

"rule of thumb," in default thereof.

Scientific men, chemical and otherwise, were much at fault in respect

of these and other matters connected with cast iron. The mixtures of

various irons for producing castings suitable for the diversified pur-

poses to which they were put, were only empirically known. This was
a wide field for scientific research, and the author would be glad to see

more scientific laborers employed in that field.

To some extent employers, perhaps, were responsible for the fact

that iron founders, as a body, had to grope as it were their way for-

ward through difiiculties and failures, both from their inattention to

the subject and their engagement of men ignorant of metallurgical

science to conduct their foundries. When the serious and disastrous

failures of castings in iron were taken into account, surely little en-

forcement from him was necessary to demonstrate that the making of

such castings was not understood. There was a hap-hazard about the

process which too often was revealed by the sacrifice of human life.

The fatal beam of the Hartley Colliery engine was a case in point.

It was an open sand casting, of irregular thickness, as regarded its

bosses and ribs, and the power of supplying the requirements of crys-

tallization by heads of pressure, was absent at the time of its forma-

tion. Every one whom he was addressing probably knew that a plate

of iron cast in open sand was one-third weaker than when cast covered,

and with a sufficient head to give it uniformit3\ It was strange that

the Hartley beam had been cast without this simple precaution having

been taken, and he thought that, for the honor of the founding trades

generally, it was desirable to mention the fact.

The principles which should guide the founder, in the method of

supplying crystallization, seemed to be but little understood. Some
year ago, when in Liverpool, several large rolls for sugar mills were
to be produced in the foundry with which he was then connected.

Repeated failures in making sound castings occurred, and all the
" heads " and all the " feeding " they could give seemed to be of no
avail. The want of homogeneity soon became visible in the latter.

Half a dozen rolls were condemned. On being consulted by the head
foreman on the matter, he suggested that instead of four heads, one
above each arm of the roll, the mould should be made some 18 inches

higher, and an annular head, double the thickness of the roll, be fur-

nished. This plan was adopted^ and no more failures occurred. The
same system he now always applied in casting large cylinder covers,

the bosses of engine beams, and other works of a character which de-

manded homogeneity and perfect crystallization.

Hitherto, that expensive schoolmaster. Experience, had been the
founder's only teacher. Science could scarcely be said to have shed
its "rays divine" upon them, whilst all around them its beams were
illuminating dark places, and "telling" upon almost every depart-

ment of social existence. What they wanted was, a special treatise on
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practical iron founding. Every other branch of manufacture almost,

had its text book, its organ or organs of information—the practical

iron-founders had none. Some few of the questions which a "Manual
of Iron Founding" should resolve he would enumerate :—The most

improved method of moulding. The different qualities of iron, and

how to judge them. The effects of sulphur on iron. Of manganese. Of
arsenic. Of sulphate of lime. Of sulphate of copper. Ores, and how
to distinguish those best suited for particular purposes. The effects of

crystallization. Of expansion and contraction. The different kinds

of coke, and its effects upon iron. How to manage a furnace. The
methods of smelting iron. And lastly—though we are only on the

threshold of queries—the proportions of different kinds of iron to be

used for particular purposes—and why ? He trusted that this hint for

the publication of a manual might be adopted, if the right man or men
could be found to compile it.

Lond. Assoc. Foremen Eng., April 5, 1863.

India-rubber Varnish.

From the Lond. Mechanics' Mag., September, 1861.

That india-rubber dissolved in various liquids yields a good varnish

is well known ; but in general they are too viscid for delicate pur-

poses, and are only good for making stuffs water-proof. India-rubber

liquefied by heat, dissolved in oil of coal-tar, or drying linseed-oil,

does not give a varnish of sufiicient fluency, or free from smell. More-

over, a considerable quantity of india-rubber remains undissolved in a

gelatinous state, suspended in the liquid, so that the solution is never

clear. Dr. Bolley has recently published some remarks on this sub-

ject which may be useful. If india-rubber be cut into small pieces and

digested in sulphuret of carbon, a jelly will be formed ; this must be

treated with benzine, and thus a much greater proportion of caout-

chouc will be dissolved than would be done by any other method. The
liquid must be strained through a woolen cloth, and the sulphuret of

carbon be drawn off by evaporation in a water bath ; after which the

remaining liquid may be diluted at will with benzine, by which means
a transparent but still yellowish liquid will be obtained. A more color-

less solution may be prepared by digesting india-rubber cut into small

pieces for many days in benzine, and frequently shaking the bottle

which contains it. The jelly thus formed will partly dissolve, yielding

a liquid which is thicker than benzine, and may be obtained very clear

by filtration and rest. The residue may be separated by straining,

and will furnish an excellent waterproof composition. As for the

liquid itself, it incorporates easily with all fixed or volatile oils. It

dries very fast, and does not shine, unless mixed with resinous var-

nishes. It is extremely flexible, may be spread in very thin layers,

and remain unaltered under the influence of air and light. It may be

employed to varnish geographical maps or prints, because it does not

affect the whiteness of the paper, does not reflect light disagreeably

as resinons varnishes do, and is not subject to crack or come off in
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scales. It may be used to fix black chalk or pencil drawings ; and
unsized paper, when covered vrith this varnish, may be written on
with ink.

—

G-alignani.

For the Journal of the Franklin Institute.

Remarhs on Force, 3Iotion, and Inertia. By John C. Trautwine,
C. E., Philadelphia.

Ma. Editor:—
At the risk of appearing presumptuous, I venture to submit for

publication in your Journal, certain views of my own on the subjects

of force, motion, and inertia. Inasmuch as they are, to a considerable

extent, at variance with those expressed by the standard authors, as

well as by the scientific friends to whom I have at various times com-
municated them, I lay them before you with some diffidence ; and
should not do so at all, were it not for the hope that if they are erro-

neous, some competent reader may have the kindness to rectify them
through the same medium.

Notwithstanding the stress which writers lay upon the necessity of

a clear comprehension of inertia, and its efi"ects, it appears to me that

their own ideas on the subject are exceedingly vague : the fault may,
however, be on my own part.

First, Newton defines it (see Barlow's Math, and Phil. Diet., "vis
inertia,") to be a certain "vis," or " a poiver implanted in matter, by
which it resists any change endeavored to be made in its state ; that

is, by which it becomes difficult to alter its state either of rest or

motion." "It agrees with the vis resistendi, or power of resisting,

by which every body endeavors, as much as it can, to persevere in its

own state of rest or motion." Barlow adds, " The vis inertia (the

same great author elsewhere observes) is a passive principle, by which
bodies persist in their state of motion or rest," &c. Barlow himself
makes no comment on the self-evident incongruity of these definitions;

thereby tacitly acknowledging that he has nothing further to add on
the subject : if indeed he may not be regarded as endorsing both,

which I infer he does.

Now I cannot see how a passive principle can enable a body either

to persist, or to resist ; and it seems to me that Newton's application to

the same thing, of definitions so entirely antagonistic, as passive prin-

ciple, and resisting power, evince uncertainty in the mind of the great
philosopher himself, as to what he was writing about.

Prof. Ptankine, in his "Applied Mechanics," says that the inertia

of a body is the same thing as its mass. Now most authors define

mass as being the quantity of matter in a body. Prof. Rankine evi-

dently does not employ the word in this sense ; but he does not inti-

mate what he means by it, further than that it is another name for

inertia ; and inertia, another name for it. He states however that it

is a certain quantity (of what?) proportional to the weight of the
body; and also that it is proportional to the force which is required in

order to produce a given definite change in the motion of the body;

Vol. XLIV.—Third Sbbies.—No. 2.

—

August, 1862. 10
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but what proportion or per centage it bears to the force, is not allnded

to. Still, I infer, that we may assume at least, that Prof. Rankine

admits the existence of something or other, called inertia, in matter

:

and this is sufficient for my purpose, which is to establish, if I can,

that there is nothing of the kind. My own opinion is, that it is the

"moving force itself which is required" to be given to matter, in order

that matter may have it, and be moved by it, that is sometimes mis-

taken for something or other, which has been called inertia.

Weisbach, in his "-Mechanics of Engineering," vol. i., p. 52, says,

" Inertia is that property of matter, in consequence of which it can,

of itself alone, neither acquire nor change motion. Inasmuch as a de-

velopment of force takes place at every change in the motion of a ma-

terial body, in so far, inertia may be ranked among forces." On p.

57, he says, " The, force of inertia, which manifests itself when changes

in the velocity of inert masses occur," &c. And on p. 60, "If we
lift a body slowly enough to allow of our neglecting its inertia," &c.

These quotations will perhaps suffice to prove that Weisbach also ad-

mits the existence in matter of something or other, either a force, or

something like a force, which is called inertia ; that it manifests itself

at times ; and that its influence is such that we must be careful how
we neglect it.

In that excellent book, "Cooke's Chemical Physics," p. 32, we
read that " inertia is that quality in matter, by which it is incapable

of changing its state, either of rest or of motion ;" and on p. 33, " If

when a body has acquired a given velocity, the force ceases to act, the

body will continue to move on with the same velocity, and in the same

direction which it had when the action of the force ceased. This, which

is a necessary consequence of the principle of inertia," &c. Here we
have an unmistakeable admission, that inertia, if not itself a force, still

can perform the same functions that force does ; inasmuch as it can

nnaintain motion in a body, after the force which imparted that motion

has ceased to do so. Now I have always thought, and still think, that

force, and force only, can either impart or maintain motion in matter;

and that the instant the force which imparts the motion ceases to act,

the motion also ceases. If the idea expressed in the last quotation be

correct, then I conceive that inertia should be said to assist motion,

rather than to resist it, as most writers maintain. But inasmuch as I

eschew inertia altogether, I cannot admit that it has any effect what-

ever on motion.

In Silliman's "First Principles of Philosophy," p. 15, inertia is

called a passive property of matter ; and it is added, " matter has no

spontaneous tendency either for rest or motion :" and we find in p. 16,

that this absence of all such tendency in matter is every day proved

by "familiar instances of a tendency in matter to continue in a state

of motion !" On p. 16, we also are told distinctly that inertia is a re-

sistance to force : and that " motion may be continued in a heavy body

"with a fraction of the force necessary to begin it." Also, that "time

is necessary to overcome inertia." Also, that " inertia is the most im-

portant general property of matter." What is a tendency, but force?
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and liow do we prove tlie absence of tendencies, by indicating their

presence ?

Many authors first define inertia as being an entire absence from
matter, of all resistance to force tending to change its condition of

rest, or motion ; but afterwards speak of the force necessary to over-

come inertia. Can force be necessary to overcome no resistance ? I

admit the absolute necessity of force, either for re-acting against

force, or for imparting velocity to matter; but not for overcoming no
resistance, or no force.

Also, when a carriage starts suddenly into rapid motion, the bodies

of its occupants are said to be thrown backwards by their inertia, or

resistance to motion ; or if the carriage stops suddenly, they are

thrown forwards by their inertia, or resistance to rest. So it appears
that this non-resistance of inertia to either motion or rest, actually

resists both. This example will be referred to again.

That highly practical and learned French philosopher, A. Morin,
in his "Mechanics," (recently and ably translated into English, by
Jos. Bennett, C. E., of Brooklyn,) endeavors to loose the gordian
knot, by asserting plumply (pp. 8 and 9), that inertia is a resisting

force, inherent in matter ; and he even describes an experiment for

measuring its amount in pounds.

He says, " Since some outward action is always necessary to change
the state of motion of a body, it is apparent that the body must oppose
a certain resistance, arising from its inertia; or, as Newton defines it,

the force residing in matter (the inseated force) is the power of its re-

sistance." "A body exerts this force whenever it changes its actual

state of motion, so that we may consider it under two different aspects;

either as resisting, in so far as the body is opposed to the force which
tends to change its state ; or as impulsive, inasmuch as the body itself

makes an effort to change the state of the obstacle which resists it.

Thus we give to the force residing in bodies, the very expressive

name oiforce of inertia." "Newton's Principia, vol. i. p. 2." So Mr.
Morin leaves us in no doubt of his conviction that inertia is actually a

force residing in matter.

With due deference, however, to Mr. Morin, it appears to me that

the various phenomena of force and motion admit of more easy and
satisfactory solutions, by ignoring the very existence of this mysteri-

ous inertia altogether ; indeed, up to this time, I have found it utterly

impossible to conceive of such a property in matter ; and unless stronger
arguments be adduced in support of its existence than I have hitherto

met with, I shall be compelled to adhere to my skepticism. Before
concluding this communication, I hope to be able to show that inertia

has nothing to do with the result of Mr. Morin's experiment.
My own opinion of inertia is, that it is simply a ivorcl expressive of

the entire absence from matter of all power whatever to hear, see,

taste, smell, feel, talk, or control its own movements : an entire ab-
sence from matter of all resistance whatever to extraneous force tend-
ing to change its state of motion, or rest ; in other words, that matter
has no soul, mind, or will.
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I conceive that the expression, "matter has, or possesses inertia,"

is improper ; and that matter merely is inert. Matter never moves
;

never ceases to move ; but force, and force only, either moves it, or

stops it. A property is something possessed ; not something not pos-

sessed. We do not say that the absence of sight is a property of mat-

ter. Is it not fully as improper to call the absence of resistance to

moving force, a property ? (I will here state by way of parenthesis,

that the expression, "in my opinion," recurred so frequently in my
manuscript, that I cancelled it. The reader will please imagine it to

be restored, before whatever would otherwise appear to be a dogma-

tical assertion on my part. I am not trying to teach, but am solicit-

ing information.) There is no such thing, force, property, principle,

quality, possession, or attribute in matter as inertia. The introduction

of the word, in connexion with such ideas as are suggested by the use

of any of these terms, is not only unnecessary, but positively prohibi-

tory of a clear understanding of the simple relations which exist be-

tween matter, force, and motion. Nothing could more clearly prove

its injurious tendency, than the fact that it has plainly deceived nearly

every writer into a vague conviction that inertia is a something resid-

ing in matter ; and that this something does, to some undefinable ex-

tent, interfere with what I conceive to be the perfectly harmonious

and unalterable relation which exists between extraneous moving-

force, and motion. It is evident from their writings that they conceive

that when moving force is imparted to matter, the matter would move
more obediently to it, or would have more motion, were it not for this

inertia. They are constantly ascribing such and such phenomena to

inertia, instead of to force. It is almost needless to remark, that wher-

ever I employ the word force alone, I allude to extraneous force, and

not to molecular forces.

It would be well before proceeding further, to define motion. In

the ordinary acceptation of the word, it means sim.ply change of place,

or position ; and velocity is the speed with which the change takes

place. But in a scientific sense, the word motion as employed in rela-

tion to matter, involves in inseparable connexion the quantity of mat-

ter moved, and the velocity with which it is moved. In this scientific

sense, motion means precisely the same as momentum, or as moving-

force; that is, force which causes velocity. I shall employ the word
motion, only in the scientific sense ; and, for the ordinary acceptation

of it, shall substitute velocity. The quantity of matter in a body, is

equal to the weigld of the body.

Since, then, the motion or moving force of a body is made up of the

weight of the body and its velocity combined, it is evident that the

quantity of motion in any body is represented by the product arising

from multiplying its weight by its velocity. We usually estimate weight

as well as force, by pounds; and velocity, by feet per second : there-

fore, if a body weighing 10 lbs. has a velocity of 6 feet per second,

we say that its motion, momentum, or moving force, is equal to

10 X 6= 60 foot-pounds per second. Also, if a body weighing 1 lb.

has a velocity of 60 feet per second ; and another weighing 30 lbs
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has a velocity of 2 feet per second ; each of them is said to have a mo-

tion, or moving force of 60 foot-pounds per second ; because

1 X 60 = 30 X 2 == 60 ; the same as in the first example. Therefore,

each of these three bodies possesses the same quantity of motion, or

moving force: or, in other words, the same quantity of moving force

which would give to 10 lbs. of matter a velocity of 6 feet per second,

would give to 1 lb. a velocity of 60 feet per second ; or to 30 lbs. a

velocity of 2 feet per second. Therefore, no change in the quantity

of motion takes place when its velocity is diminished, if its weight is

increased in the same proportion ; or, when the velocity is increased,

if the weight moved is diminished in the same proportion.

If a certain degree of velocity is required in a body of matter, a

proportionate amount of extraneous moving force must be applied to

that body; not to overcome inertia, or any thing else; but simply to

impart the velocity. In other words, since matter is inert, and there-

fore cannot move itself, we ourselves, if we wish it^o have motion, must

give it that motion. It will not resist it in the slightest conceivable

degree, but will move in the most passive obedience to it ; unless pre-

vented by some other extraneous force re-acting in the opposite direc-

tion.

Even if we give to the body less motion than we wish it to have,

and less than it is ready at all times to accept, it will still exhibit its

inability to resist or re-act against even that small gift ; and will move

with a velocity in exact proportion to it. We must however blame

ourselves only, that it has not accepted the quantity we wish it to have;

and not say the matter hath a devil, called inertia, that resists. Re-

sists what? Surely not the motion we give it. Can we with propriety

say that it resists motion which we do not give it ? Would we say that

a ten gallon keg resisted four gallons of water, merely because we put

but six gallons into it ? Does a beggar resist a shilling, because we
give him only a sixpence ? The cases are perfectly parallel. Now here

is the rub. The matter does not resist moving force ; the philosophers

say it does, and moreover that it does so through the agency of a cer-

tain property of matter called Inertia.

What is force ? Nobody knows. We apply the name force to that

agency or influence, whatever it may be, or whatever its origin, which

when it is applied to matter, enters unresistedly into it; diffuses itself

throughout it ; and not only gives it velocity, but continues in it, and

maintains that velocity unchanged, in the same straight direction,

until prevented from so-doing by the re-action of some other extrane-

ous /orce which it may encounter on its way.

This unresisted entrance of force into matter to which it is only ap-

plied, and its imparting of velocity to that matter, appear to me to

be among those mysteries, the comprehension of which transcends the

limits of the human mind ; and recall to our overstraining imagina-

tions the words of the inspired penmen :
" God's ways are higher than

our ways, and past our finding out." It is to the difficulty of fully

believing or realizing this mysterious property of force, that I ascribe

10*
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much of the inertia trouble. Who can form any idea of the process

by which galvanic force, when applied to the telegraph wire, enters

that wire, and travels along it with lightning speed?

To many readers the suggestion that the entrance of force into mat-

ter is unresisted, will no doubt appear absurd ; for if it is once admit-

ted, away goes their resisting inertia of matter. They say we actually

feel the resistance of matter whenever we strike a body ; and feel it

so distinctly and often so painfully, that to pretend to deny its exist-

ence is but little short of insanity. Now, when we strike a body, we
certainly do invariably experience an undeniable resistance or re-ac-

tion ; not from the body, but from the forces of gravity, friction, atmo-.

sphere, &c., which are acting on the body at the same time; and which

forces we must re-act against, or hold in equilibrium before we can

impart motion or moving force to the body. Nay, we should even ex-

perience a sensation resembling that produced by a resistance were we
to strike a body on which no other force was acting at the time, and
which would then unresistingly move on from the eifect of our blow.

What causes this sensation ? Why simply this. In order to impart, or

to make a present of a quantity of motion to the body, we have taken

that motion out of our own hand, by an effort of our own will, and
have volutarily given it away to that inert, unresisting, passive, obe-

dient recipient of the gift, the body of matter. Since we have given

away that motion to the body, it is self-evident that that motion no
longer remains in our hand. That very identical force which wns car-

rying our hand forward, is now engaged in carrying the body of mat-

ter forward ; and it was our own voluntary giving away of that force

to the body, which prevented it from any longer moving the hand, and
thus produced in our hand the same sensation as if the body had re-

sisted it, and co^nj^elled it to part with its moving force. The sensation

is the same, whether we strike a body, or the body strikes us ; or, in

other words, the giving away of force, and the receiving of force, pro-

duce the same sensation. If we hold one of our hands at rest, and
strike the knuckles of that hand, with those of the other hand in mo-
tion, the knuckles of the hand which gives away the force, and those

of the hand which receives it, will experience the same sensation.

Thus it seems that the so-called resisting inertia of matter, is at times a

mere mental delusion. I would particularly desire to impress it upon
the young reader, that to impart motion to a body, means nothing

more than to make to that inert, unresisting body a voluntary gift of

a quantity of motion, taken as it were from our own stock, which of

course becomes diminished to precisely the same extent ; and more-
over, that yvefeel our loss of the motion so given away. Also, that in

order to give motion, or moving force to a body, we have only to place

the force in contact with the body ; or, as it were, to carry it to the

body. When this much is done, the force will, by its own mysterious

agency, enter the body, and move it.

We know that the Almighty has empowered man, within certain

limits, not only to create moving force, by a mere exercise of will

;
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but to impart it to matter around him. I cannot think of a more sa-

tisfactory experiment for exhibiting this, than by means of a common
spring balance. Hold in the hand a spring balance, from which say

1 lb. weight is suspended, at rest, by a long string out of a window.

Here Ave have 1 lb. of force of gravity re-acting downwards upon the

weight; and 1 lb. of our own force re-acting upwards upon it in the op-

posite direction. Consequently the weight remains at rest. Now we
may will that there shall exist in the hand a considerable amount of

upward moving force ; and moreover that we will take that force out

of the hand, and give it to the w^eight; so that the force shall cease to

move the hand, and employ itself in moving the weight. To effect this,

nothing more is necessary than to will to jerk the hand rapidly up-

wards. At that instant the index of the balance, and the rapid jump
as it were upwards of the weight through a distance far greater than

that throucrli which the hand moved, will show that the weight has

accepted^ not resisted, a motion of several foot-pounds. Instead of 1

pound, the index will for a moment mark 2, 3, 5, or 10 pounds, ac-

cording to the quantity of motion we give away. The hand will at the

same moment experience a real resistance of 1 pound from the force

of gravity acting on the weight ; together with an apparent resistance

equal to what was indicated by the index, minus the 1 lb. of gravity.

This apparent resistance is owing to the loss of moving force, which
the hand experienced at the moment of giving it away to the weight;

and is precisely similar to what it would have experienced if it had
actually met with a resistance by striking against a spring bumper
above it. Were it not for the re-action of gravity, and the air, the

1 lb. weight would have continued to move upwards for ever, under
the influence of the motion imparted by the hand in one instant.

Now can any reader imagine that there resided in the 1 lb. weight,

any property called inertia, which could enable that 1 lb. of force to

resist to the extent of 2, 5, or 10, &;c., lbs., just as it chose? Or can
he imagine that if the weight had offered any such doivmvard resist-

ance, it could notwithstanding have moved upivards, as it did? How
is it possible to reconcile the two ideas? We all know that we can im-

part to a book lying on a table, a motion sufficient to make it move a

foot or two ; or one suflScient to send it flying across the room. In the

first instance our hand seems to feel a slight resistance ; and in the

second, a great one. But it really experiences no other resistances

than those arising from friction, and the air ; both very trifling. What
it chiefly feels, and mistakes for resistance, is the loss of that motion
which it gave away to the unresisting book.

I conceive, therefore, that in imparting motion to matter, no other
principle is called into exercise than extraneous moving force; that

the matter itself takes no part in the operation; but being inert, yields

passively: nor do I know of any tenable argument for introducing
such a fancied interferer betAveen moving force, and motion, as inertia.

Moving force is motion. To say that motion in matter is the result of

applied moving force, is merely saying that when we jput motion into

a body, that motion is in the body.



116 Meehanies, Pltysics, and Chemistry.

It also appears to me that in a scientific point of view, all the func-

tions of force may be classed under two beads, action and re-action.

Tbe former regards force only in relation to unresisting matter ; and

its effect on matter is tben velocity, only, without pressure; or matter

hi motion. The latter regards force only in relation to resisting force ;

and its effect on matter is then pressure, only, without velocity; or

matter at rest.

Force when acting on matter (in my sense of the word) is called

dynamic, or moving force, because it is then always in motion. When
re-acting on force, it is called static force; that is, stationary or stand-

ing-still force : because it is then always at rest. Strictly speaking.,

force cannot overcome force ; it can only re-act against it, and keep it

at rest; or in equilibrium.

All the motions we see in machinery of every kind, whether driven

by the force of either steam, water, wind, or animal power, are the

result of the action of force on unresisting matter. Force, when ap-

plied to machinery, divides itself into two distinct portions, each for

producing an entirely different effect from the other. One portion of

it goes to work as re-action, or static force, to re-act against the static

forces of friction, atmosphere, gravity, &c., which would obstruct mo-
tion. The other part, as action, or dynamic force, acts upon the inert

matter composing the machinery. The matter accepts it unresistingly,

and is moved by it, while the static force is holding in check the static

force of friction, and other resistances to motion. The entire force re-

mains all tiie time unchanged in its nature ; it is the same identical

force ; but one part is engaged in one duty, and the other part in an-

other duty; for static and dynamic force differ only in the kind of work
they perform. Static force performs rest; dynamic force performs

motion.

I have said that re-acting, or static forces, or forces at rest in con-

sequence of their re-action against each other, produce pressure only,

without velocity. I use the word pressure in acquiescence with one of

those silly perversions of common language, which scientific writers

seem so much to delight in. Static force produces pulling, as well as

pressure, or pushing. Philosophers say that a pull and a push are the

same thing ; because they are both the result of static force ; and that

the word pressure covers both cases. If they desire a word that will

Teally cover both cases, might they not adopt re-action? That word
covers both cases, all such cases, and none but such cases : and could

therefore lead the young student into no error : the re-action of ex-

traneous forces never produces motion ; but only rest, with pressure

or pulling.

If I am correct in my opinion that velocity is the unresisted action

of extraneous force on matter, then those writers (including, I believe,

all) are in error who maintain tbat " every action of force is attended

by an equal, and contrary re-action.'' Those are the words in which

the writer of the article " Mechanics," in the Encyclopedia Metropo-

litana, quotes the third one of Newton's three Laws of Motion ; and

i



Remarhs on Force^ 3Iotion, and Inertia. 117

they are used in the same connexion by many writers. I admit that

when force acts against force, action and re-action are always equal

and contrary: but I contend that matter never re-acts against force,

although force acts upon it ; and I maintain that nothing but force re-

acts against force. If matter re-acted against force, as writers affirm,

there would be no such thing as motion, for the effect of re-action is

rest. I would suggest that Newton's third Law should read thus :

—

'''Every action of force, agaixst fokce, is attended by an equal and
contrary re-action."

If two men at the two ends of a rope pull against each other, each

with a force of 20 lbs., the rope will be strained by a 20 lbs. re-action:

or if they push against the two ends of a bar of wood in like manner,

the bar will be strained by a 20 lbs. re-action. If one of the men
should stop pulling, or pushing, the rope or bar ceases to be strained

at all ; it will merely accept the force of the other man, and be moved
by it.

If a ball with a motion of 20 foot-pounds per second, encounter a

similar ball moving with the same quanti|y of motion in the opposite

direction, there will ensue a re-action of 20 lbs. of static force ; for

only static forces re-act.

If a ball with a motion of 20 foot-pounds per second, encounter a

similar ball moving with but 1 foot-pound of motion in the opposite

direction, there will ensue a re-action of 1 lb. of static force.

If a ball with a motion of 20 foot-pounds per second, encounter an

equal ball at rest, there will ensue (according to my ideas) no re-action

whatever. But the philosophers maintain that there will ensue 10 lbs.

of re-action ; or ten times more than in the preceding case ; or that

no re-acting force, re-acts more than some re-acting force.

What is re-action, but the opposition of force by equal force in the

opposite direction? And in the last case (that of the ball at rest),

where do we find any equal force in the opposite direction, that shall

re-act against the moving force in the moving ball ? Do the philoso-

phers mean to assert that for want of such second force, the force in

the moving ball will re-act against itself; that it will divide itself

into two antagonistic forces, moving in opposite directions ;' and
that these forces will re-act against each other, like two butting

rams
I conceive that the moving ball merely carries movins; force to the

ball at rest : that then this force by its own mysterious equalizing

agency, enters the ball at rest luiresistedly ; and co-acts with the mo-
tion left in the moving ball, in giving equal motion to both balls. No
motion has been lost during this process, because there was no second

force to re-act ; and consequently there has been no re-action.

I shall, therefore, venture to assert that matter does not re-act on
force, nor force on matter ; that force only acts on matter ; and only

re-acts against equal opposing force. That /ores is always transferred,

and received equally ; or in other words, that force transferred by
one body, is always equally received by another body. To accept a
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present, does not involve re-action ; but to accept it, and at the same
time to make another present in return, does involve re-action.

The young reader may not readily understand how transfer and ac-

ceptance can be equal, when two unequal forces meet in opposite direc-

tions. In such cases, as in that of all machinery just referred to, the

greater force divides itself into two parts, one of which is precisely

equal to the smaller force. This part alone re-acts against the smaller

force to which it is equal, and brings it to rest ; the two being con-

verted, at the instant of contact, into static force. The only part of

all the original two forces which continues to be dynamic, is the other

portion of the larger force. This takes no part in the re-action opera-

tion, but persistently occupies itself in acting onwards. Thus we see

that two unequal forces cannot re-act on each other ; but that only the

whole of the smaller one, and a paj-t of the larger one, do so.

When we say that static forces keep each other at rest, we mean at

rest relatively to each other. Two forces may thus be said to be at

rest, although actually in rapid motion from the eflect of some other

force. Thus two men may j^ull or push against each other in a railroad

car, exerting static force, so that neither can move the other. Rela-

tively to each other, their forces are at rest, although the car may be
moving at 50 miles per hour.

Most of the examples adduced by writers to prove the supposed re-

action of matter against force, are quite puerile. A common one is

that of a horse towing a canal boat ; in which case we are told that

the boat pulls the horse, as much as the horse pulls the boat. I con-

ceive, however, that it requires no very scientific acumen, even in the

young reader, to perceive after what has been said, that the boat, be-

ing inert matter, cannot re-act against the horse ; but that his force is

partly occupied in re-acting against the resistance of the water between
him and the boat, (especially when towing against a freshet;) and
partly in moving himself forward. The boat being fastened to him,

follows passively, after he has once imparted motion to it ; and if it

were not for the resistances of the water and air, would follow him till

doomsday, if he would only keep straight on : and moreover, it would
not require any further force from him than what he imparted during
his first few steps forward. But the resisting force of the water is con-

stant, and the horse is compelled constantly to re-act against it. At
first starting, he not only had thus to re-act against the force of the

water, but at the same instant to give away a part of his moving force

to the boat, to enable it to follow him. He feels the loss ; but as he
afterwards has only the resistance of the water to encounter, he gets

along Avith more ease.

A railway train is standing on a perfectly level track ; and force is

required to put it into motion. Steam is let on ; but the rails are co-

vered with slcct, and arc so slippery that, although the driving wheels

fly around Avith great rapidity, the train does not budge. What is the

cause? According to my idea, the train itself being composed of mat-

ter, is inert, and cannot re-act, or resist the force of the engine in the



Remarks on Force, Motion, and Inertia. 119

slightest degree. There is no wind blowing, so that the atmospheric

resistance at starting is about ; and it has recently become the fa-

shion among scientific men, (Morin leading off;) to say that where
there is no motion, there is no friction; therefore there is no resist-

ance from friction in this case. The engine could run away easily by
itself, but it cannot move with the train. The scientific passengers

ascribe the chief resistance to inertia, of course ; because it will ac-

count for everything relating to force or motion, which cannot be ac-

counted for in any other way. A marvellously convenient principle is

that inertia, for, as we saw in the example of the spring-balance, it

can increase itself at pleasure ; and in the case now before us, the in-

ertia of the train seems, as Newton has it, " to endeavor as much as it

can," to keep us back.

I do not myself agree with the no-motion, no-friction gentlemen

;

and feel so strongly persuaded that our delay is caused by the friction

of the train alone, that I suggest to the engineman, on the principle

of " similia similibus curantur," to give his driving wheels a little

more friction on the rails, to re-act against that of the car wheels. He
does so, by sanding the rails ; then he lets on steam again ; the driving

wheels again revolve ; and sure enough the train starts. Now at least

there is friction; and now, what duty has the engine to perform?

Why the time-table requires that it shall take the train to the next

station, at a velocity of 30 miles per hour. To do this, it must un-

ceasingly furnish suificient static force to re-act against the unceasing-

ly re-acting forces of friction, and of the atmosphere; and must besides

put into the matter composing the train, and its load, sufiicient moving
force to produce a velocity of 30 miles an hour. Now the engine has

not force enough to do all this at one effort; but is compelled to manu-
facture it, and store it up in the train by degrees. When the engine

shall have gradually made, and have transferred from itself to the

train, a sufficient amount of moving force to produce in the train a

velocity of 30 miles an hour, then this force will remain in the cars,

and will continue to move them all the way to the next station, with-

out any further help from the engine ; and the engine will thenceforth

have nothing to do, except to continue the manufacture, and impart-

ing of re-acting force against the re-acting forces of friction and the

atmosphere. When the train gets near the next station, the engine

and brakes will even be compelled to take this acting, or moving force,

out of it; otherwise it would not stop. They do this by creating more
re-acting force of friction, which requires the moving force of the train

to become static, in order to re-act against it, and thus produce rest

in the matter of the train.

The driving wheels make their first revolution. The force imparted

during that operation would have started off the engine alone at a

great velocity; but as it diffused itself through the whole train, it

could only move so large a mass at a slow velocity. This first revolu-

tion then has sufficed to impart sufficient force to re-act against fric-

tion, and the air; and to leave a small surplus, which as dynamic force,

spreads itself through the matter of the train, and gives it a velocity
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of say one-quarter of a mile per hour. Thus "we see that it co-acts

with the engine, which in the meantime (having given away to the

train the force made during the first revolution), is engaged in making
another revolution, and thus manufacturing a second instalment of

force. All the surplus of this second instalment, beyond what is neces-

sary for balancing the re-acting friction and air, also diffuses itself

among the matter of the train ; and assists the first instalment in

giving velocity thereto.

The two instalments, by their combined forces, are now moving the

train at half a mile an hour ; thus leaving the engine to manufacture

only 29i- miles per hour of moving force. The reader will observe

that there is no re-action, or resistance to the force of the engine,

caused by these two instalments of moving force ; but on the contrary,

hearty co-action. If they had re-acted, or had met with any re-action

of inertia from the matter of the train, as the philosophers say they

must, it is plain that instead of moving the train, they would have

come to rest ; and that the engine might continue for ever paying in

small instalments of moving force, which would be re-acted against,

and brought to rest one by one, as fast as the engine handed them
over to the matter of the train. But, I maintain, that matter does not

re-act against moving force ; but accepts all we give it, and moves with

a velocity precisely in proportion to it; and in the same direction.

So revolution after revolution of the drivers is made, each with

greater rapidity than the former, in consequence of the united co-

action of all the previous instalments ; until at last the engine has

taken from itself, and has put into the train, enough moving force to

give it a velocity of 30 miles per hour. The road being level, the en-

gine no longer takes any part in moving the train ; and has nothing to

do but manufacture sufficient force to re-act against the constantly re-

acting /orces of friction, and the air. The moving force which the en-

gine has put into the train, would continue in it, and maintain motion

in it forever, without any engine, were it not for these re-acting forces.

In practice the re-action of gravity on grades, would also have to be
re-acted against ; but to simplify the example, the consideration of

this, and of some other particulars, has been omitted.

A learned professor who happened to be in the cars, with one of

his students, availed himself of the opportunity to explain that the

slow motion at starting was owing to the tremendous resistance with

which the inertia of the train re-acted against the engine ; almost de-

fying its utmost power. The student asked whether this tremendous
force always jumped off, when the cars got to 30 miles an hour ; but

the professor explained that it did not; but that overcome by its own
frantic efforts, it became exhausted ; and would not recover until the

next stop. An old lady, who had overheard the explanation, express-

ed herself greatly relieved thereby. For her part, she thought busting

the biler Avas bad enough, without having them other rampaging things

getting into the cars, and trying "as much as they can," to pull the

ingine back.

(To be Continued.^
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Preliminary Note on the production of Vibrations and 3fusical

Sounds by Electrolysis. By George Gore, Esq.

From the Lond. Mechanics' Magazine, April, 1S62.

If a large quantity of electricity is made to pass through a suitable

good conducting electrolyte into a small surface of pure mercury, and

especially if the mercurial surface is in the form of a narrow strip

about ^th of an inch wide, strong vibrations occur ; and symmetrical

crispations of singular beauty, accompanied by definite sounds, are

produced at the mutual surfaces of the liquid metal and electrolyte.

In my experiments the crispations and sounds were readily pro-

duced by taking a circular pool of mercury from 1 to 3 inches in dia-

meter, surrounded by a ring of mercury about |th or ^'gth of an inch

wide, both being contained in a circular vessel of glass or gutta-percha,

covering the liquid metal to a depth of about J an inch '.vith a rather

strong aqueous solution of cyanide of potassium, connecting the pool

of mercury by a platinum wire with the positive pole of a battery

capable of forcing a rather large quantity of electricity through the

liquid, and connecting the ring of mercury with the negative platinum

wire. The ring of mercury immediately became covered with crispa-

tions or elevated sharp ridges about ^'g^h of an inch asunder, all ra-

diating towards the centre of the vessel, and a definite or musical

sound was produced capable of being heard, on some occasions, at a

distance of about 40 or 50 feet. The vibrations and sounds ceased

after a short time, but were always reproduced by reversing the direc-

tion of the electric current for a short time, and then restoring it to

its original direction. The loudness of the sound depends greatly upon
the power of the battery ; if the battery was too strong the sounds did

not occur. The battery I have used consists of 10 pairs of Sraee's ele-

ments, each silver plate containing about 90 sq. inches of immersed

or acting surface ; and I have used with equal success six Grove's bat-

teries, arranged either as 2 or 3 pairs, each platinum plate being 6

inches long and 4 inches wide. If the cyanide solution was too strong,

the sounds were altogether prevented.

Being occupied in investigating the conditions and relations of this

phenomenon, with the intention of submitting a complete account of

the results to the notice of the Royal Society, I refrain from stating

further particulars on the present occasion.
Proc. Royal Society, April 11, 1861.

For the Journal of the Franklin Institute.

Strength of Cast Iron and Timber Pillars: A series of Tables show-
ing the Breaking Weight of Cast Iron, Dantzic Oak, and Red Deal
Pillars. By Wm. Bryson, Civ. Eng.

(Continued from page 48.)

An account of the "Fall of the Pemberton Mill " was published

in the Journal of the Franklin Institute, vol. xxxix, page 242, and
an article by 0. B. M., entitled "A Practical Inquiry into the Cause
of the Fall of the Pemberton Mill," was published in the Scientific

Vol. XLIV.—Third Seeibs.—No. 2.—AucfUBT, 1862. 11
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American of March 10, 1860, page 162. As I proceed, I purpose

giving extracts from these and other papers.

Extracts from the Scientific American :—
" The pillars in the lower story were 6 inches in diameter at bot-

tom, and 5 inches near the top, and designed to be f inch thick ; the

middle or breaking part 5| inches in diameter."
" I measured several pillars that were broken by the fall of the

building near the middle, and found the above pillars ^^gths to fths of

an inch thick on one side, and 1| to ^ths of an inch thick on the

other ; and their length 12| feet. On the top of this pillar, and cast

separate from it, rested a plate 12 inches in diameter, and 1|- inches

thick ; on this plate rested the timbers with a hole cut out for the

pintle, which was 3 inches in diameter, and extended up 16f inches

to a flanch 7 inches in diameter and 1| inches thick, cast with the

pintle ; on this flanch rested the column above."
" Since the disaster, I have examined the thickness of several pil-

lars in the mills at Lawrence, and find but little variation; the great-

est not exceeding ^^gths of an inch."

"Many pillars of the Pemberton Mill were broken a little above

the middle of their length—about /^ths to ^Qi\\?> of their length,

measuring from the bottom. Take one, for instance, that measured

5f inches in diameter at the bottom, 4|- at small part near the top,

and 11 J feet long ; it broke 1^ feet from the large end, where the

diameter was 4f inches ; thickness at place of fracture, fths of an

inch on one side, and |§ths on the other. This adds new evidence,

that when we make pillars tapering, we sacrifice strength to imaginary

beauty."

Extract from the Journal of the Franhlin Institute, page 247:

—

James B. Francis testified—"By a column six inches in diameter,

I should understand that this was the diameter at the middle. A
column five and three-quarter inches in diameter, five-eighths inch

thick, and twelve feet long (which is said to be the size of the columns

in the lower story of the Pemberton Mill), according to the rule given

by Hodgkinson, has a breaking weight of two hundred and thirty-one

tons. A column, five and a half inches in diameter, five-eighths inch

thick, and twelve feet long, by the same rule, has a breaking weight

of two hundred and three tons. A column, five and three-eighths

inches in diameter, five-eighths inch thick, and twelve feet long, has,

by the same rule, a breaking weight of one hundred and ninety tons."

Reducing the above calculations for the breaking weight, which are

for tons of 2000 tbs., to tons of 2240 lbs., they correspond with the

value of AV in my calculations, as shown in the following table by the

first formula, and become respectively thus, viz :

—

Ton of 2000 lbs. Ton of 2240 lbs.

231 tons = 206 25 tons.

203 " = 18125 "

190 " = I69-6'l "
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But then tliis value of ^Y cannot, according to Mr. Hodgkinson, be
taken as correct for the breaking weight, the height of the pillars all

being less than 30 times their diameter, as shown in the following

table.

Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.

%i.i,
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Hollow Uniform Cylindrical Pillars of Cast Iron, of the same dimensions as those

in the above tables. Both Ends being Rounded or Irregularly Fixed.
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12 5-75 4-5 25-04 82-29 8-17

12 5 5 4-25 26-18 71-77 7-49

12 5-375 4-125 26-79 66-85
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12 5-75 4-5 25-04 60-56 601

!
^2 5-5 4-25 26-18 53-23 5-56

12 5-375 4-125 26-79 49-78 5-33

(To be Continued.)
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On some of the Causes, Effects, and 3IiUtary Applications of Explo-

sions : An Abstract from a Lecture by F. A. Abel, Esq., Director

of the Chemical Establishment of the War Department.

From Newton's London Journal, May, 1862.

A glance was taken at the general nature and causes of the pheno-

mena termed explosions, and attention was then specially directed to

those explosions which are due to chemical agency.

In all instances of chemical action accompanied by an explosion,

the production and violence of the latter are either entirely or prin-

cipally due to the sudden and very considerable development of heat,

which results from the disappearance for the time of chemical activity.

The violence of such explosions is, therefore, regulated by the energy

of the chemical action, or the degree of rapidity with which the che-

mical change takes place. There are instances in which the change

of state, e. g., the conversion of solids into vapors and gases, result-

ing from chemical action, and the suddenness with which this trans-

formation occurs, would suffice to produce explosive effects, quite in-

dependently of the effects of heat developed by the change ; but in

all such instances, the sudden increase in volume of the matter, re-

sultino- simply from the chemical change, is insignificant as compared

with the expansive effect exerted at the same time by the heat devel-

oped in consequence of the sudden and violent disturbance of chemi-

cal equilibrium. Thus, the actual volume of gas produced on the de-

composition of gunpowder, though very considerable in comparison

with that of the original solid, is but small when compared with the

volume which it occupies at the moment of its production when under

the influence of the intense heat resulting from the chemical change.

Explosions are occasionally produced by energetic chemical combi-

nation between elementary substances. Thus, potassium combines

with bromine with explosive violence, in consequence of the power-

fully expansive effect of the heat resulting from the intense and sud-

den chemical action between the two elements. Again, the union of

hydrogen with oxygen or chlorine is so energetic, that the resulting

water or hydrochloric acid is suddenly and enormously expanded by

the heat developed—a powerfully-explosive effect being consequently

produced.

Explosions are much more frequently the result of chemical decora-

position. Several classes of compounds are known, the unstable cha-

racter of which endows them with explosive properties. Thus, the

compounds known as the chloride, iodide, and bromide of nitrogen,

are highly susceptible of instantaneous decomposition; the very slight-

est disturbing causes sufficing to destroy the chemical equilibrium

which exists between their component particles. Compounds of sil-

ver and gold with nitrogen, hydrogen, and oxygen (fulminating silver

and gold), and of silver and mercury with a peculiar organic group,

generally known as fulminic acid (the fuhninates of mercury and sil-

ver), are also highly susceptible of sudden, and therefore violently

explosive, decomposition. By the action of nitric and nitrous acids



On tlie Causes and Effects of Explosions. 125

upon several organic bodies, compounds of highly explosive charac-

ters are produced, their formation resulting from the abstraction (by

oxidation) of a proportion of hydrogen-atoms from the original body,

and the introduction, in their place, of a high oxide of nitrogen. The
products of the action of nitric acid upon starch and cotton, in differ-

ent forms, are the best known of these; among others, the substances

known as nitromannite (obtained by the action of nitric acid upon

mannite) and nitroglycerine, or glonoine (the product of the action of

nitric acid at low temperature upon glycerine), are remarkable for the

violence with which they explode when submitted to friction or con-

cussion.

One of the most recently discovered and curious of these explosive

organic bodies, is the nitrate of diazobenzol, obtained by the action of

nitrous acid at a low temperature upon aniline. This substance ex-

plodes at least as violently as iodide of nitrogen and fulminate of sil-

ver, if exposed to a heat approaching that of boiling water ; it is,

however, far less sensitive to friction than those tAVO bodies. SimiLarly

explosive substances have been quite recently obtained by Dr. Hoff-

mann from derivatives of the interesting and important base, rosani-

line, the salts of which furnish some of the most beautiful of the

colors now obtained from aniline.

Explosions are most readily produced by establishing chemical ac-

tion between certain substances greatly opposed to each other in their

properties, and brought together in an intimate state of mixture. The
substances applicable to the production of such mixtures are, on the

one hand, bodies remarkable for their great affinity for oxygen ; and,

on the other, compounds containing that element in abundance, and
partly or entirely in a loose state of combination. To the first class

belong the elements carbon, sulphur, and phosphorus, and compounds
of the last two with readily oxidizable metals. The second class in-

cludes a few of the higher metallic oxides (such as the higher oxides

of manganese and lead) and combinations of metals with nitric, chloric,

and perchloric acids. Mixtures produced with these two classes of

bodies readily ignite, or afford explosions, either upon the direct ap-

plication of heat, or by submitting them to friction, percussion, or

concussion; and, in a few instances, by establishing chemical action

in a small portion of the mixture, with the aid of some other com-

pound. These explosive mixtures vary greatly in the ease with which

chemical action is established in them, and in the rapidity and violence

of their transformation ; their properties are naturally regulated by
the chemical and physical characters of their constituents, and by the

degree of intimacy of their mixture.

The variation in their explosive properties, and the great extent to

•which the characters of any particular mixture may be modified, are

very important elements in their application to practical purposes
;

while the comparatively instantaneous nature of the decomposition of

explosive compounds, and the facility Avith which it is brought about,

present very great, and in many cases insuperable obstacles to their

employment as explosive agents. By the comparatively gradual de-

li*
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composition of an explosive mixture, such as gunpowder (when em-
ployed as a charge in a gun), the force exerted by the gases generated

in the confined space, discovers, before it attains its maximum, that

portion of the chamber enclosing the powder (z. e. the projectile) which
is separated from the remainder. By the motion which it immediately

imparts to this, tie smaller mass, the strain upon the larger mass,

forming all but one side of the chamber {i. e. the breech of the gun),

is at once reliev€d, while the force continues to the close of its devel-

opment to act in ths direction of the mass which has once yielded to

its influence, and thus propels the projectile. The explosion of a

charge of fulminate, on the other hand, in the chamber of a gun, is

so instantaneous that the maximum of force is at once developed, and
the strain thus exerted within the chamber, at the same time that it

overcomes the inertia of the projectile (or the movable side of the

chamber), Avill also overwhelm the cohesive force which maintains the

mass of the chamber entire, and the breech of the gun will therefore

be shattered. Enclosed in a shell, a charge of a fulminate will pro-

duce a much greater shattering eflfect than gunpowder upon the metal

enveloped, reducing it to a much larger number of fragments ; but

the pieces of the sliell produced by employing gunpowder as the burst-

ing agent, will be propelled with much greater violence, because there

is still a development of force after the rupture of the shell ; while,

with the fulminate, the entire force is at once expended upon the

"bursting of the shell.

The very great extent to which the rapidity of explosion of gun-
powder may be modified to suit difierent applications, is one of the

most important properties possessed by this material. A very rapidly

burning powder is necessary in many instances; for example, in shrap-

nel shells, in which the charge of powder is required to break open
the shell without interfering, by any great dispersive effect, with the

flight of the enclosed bullets or fragments of metal. In mortars, and
short guns also, a quickly burning powder is required, as they afi"ord

a comparatively limited space for the combustion of the charge. If a

slowly burning powder be employed in such arms, a portion of the

unexploded charge is expelled together with the projectile,—the pe-

riod between the first ignition of the powder and the expulsion of the

shot or shell from the gun, being insufiicient for the combustion of the

entire charge. In long guns and in rifled cannon it is very important

on the other hand, that the ignition of the charge of powder should

take place gradually, so that the pressure exerted thereby upon the

gun and the projectile should, after the first ignition, be as far as pos-

sible uniformly continuous during the passage of the shot or shell

along the principal portion if not the entire length of the gun's bore.

With the gunpowder which has been until quite recently in general

use for large cannon, the actual explosion of a charge is almost en-

tirely accomplished before the projectile has passed beyond the trun-

nions of the gun. Hence the rear portion of the weapon is subject

to a strain which is enormous as compared to that sustained by the

front part of the cannon. Numerous important advantages naturally
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result from a more uniform distribution of the pressure over the inte-

rior of the gun; for instance, the necessity of constructing the part

reaching from the breech to the trunnions of very much greater

strength than the remainder (a measure which, in the production of

cast iron cannon, involves considerable difficulties) is greatly dimin-

ished, and the risk of fracture of guns, or of their serious injury

from submission to excessive strain, is considerably lessened. The
explosive action of gunpowder may, it need hardly be observed, be

easily regulated by the introduction of modifications in the proportions

of the carbon, sulphur, and saltpetre employed in its manufacture,

and in the degree of intimacy with which the ingredients are mixed.

Both of these expedients interfere, however, with the extent of force

ultimately exerted by a given weight of the gunpowder ; since, in

either case, the chemical action between the ingredients would be modi-

fied. The rapidity of combustion of gunpowder may, however, be

admirably regulated, without introducing any alteration in its compo-

sition or in the perfection of its manufacture, simply by increasing

or diminishing the size of the particles or grains constituting a charge;

and also by modifying the degree of compression to which the gun-

powder is subjected before or at the time of its conversion into grains

or pellets.

By combining the application of uniform and accurately regulated

pressure with modifications in the composition of gunpowder, and by
thoroughly confining the material within a case or receptacle, so that,

if ignited, it can only burn in one direction, admirable and valuable

arrangements (known as fuzes and time-fuzes) are obtained for ignit-

ing charges of gunpowder in shells at any period during their flight,

which may have been determined upon previous to the loading of the

gun. By simple mechanical arrangements, regulating the amount of

the compressed gunpowder which shall burn before the flame reaches

the charge in the shell, the time of explosion is readily adjusted with

the greatest nicety (subject, however, to variations depending upon
the degree of density of the atmosphere, as recently shown by Dr.

Frankland's researches). The principle of regulated compression,

and of combustion in one direction, is applied to the preparation of

rockets, signals, and numerous pyrotechnic arrangements,—other ex-

plosive mixtures being, in some instances, substituted for the gun-
powder.

The advantages offered by materials of a much more powerfully or

rapidly explosive character than gunpowder, when emploj'ed simply

as destructive agents (for instance, in many classes of mining opera-

tions), have led to repeated attempts at the application, as substitutes

for gunpowder, of highly explosive mixtures, readily obtainable in

large quantities, in which chlorate of potassa is employed in the place

of a nitrate, in conjuction with very oxidizable materials, such as the

sulphides of arsenic and antimony, and compounds containing carbon
and hydrogen (Callow's mining powder and white or German gunpow-
der are examples of such compounds). All attempts to manufacture
and employ such mixtures have, however, invariably terminated in
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more or less disastrous results, in consequence of the comparativelj

low temperature at which chlorate of potassa exerts its oxidizing

power. Very slight friction or percussion suffices to inflame many of

these mixtures, and the violence of their explosive action is, in many
instances, as difficult to control as that of explosive chemical com-

pounds. Even in the manufacture and employment of comparatively

so safe an agent as gunpowder, which may be subjected without igni-

tion to tolerably powerful friction or percussion, and to the direct

application of any temperature below that which suffices to ignite sul-

phur (about 550° Fahr.), the neglect of strict precautions for exclud-

ing the possibility of a particle of the powder being subjected to sud-

den and powerful friction, may, and frequently does, lead to acciden-

tal explosions. The occasional accidents in gunpowder manufactories

are generally enveloped in mystery, in consequence of their fearfully

destructive effects ; in all cases, however, Avhere it has been possible

to trace the causes of such explosions, they have been found in the

wilful or accidental neglect of simple precautionary measures, indis-

pensable to the positive safety of the works and operators.

The more highly explosive mixtures, and some few explosive com-

pounds, though inapplicable as substitutes for gunpowder on account

of their great sensitiveness to the effects of heat, have, in consequence

of this very quality, received important applications in numerous in-

genious contrivances for effecting the ignition of gunpowder. Well-

known instances of such applications are :—Tlie employment of ful-

minate of mercury in percussion caps ; of a mixture of chlorate of

potassa and sulphide of antimony, in arrangements for firing cannon

by percussion and by friction, and for exploding shells by percussion

or concussion ; and of the same mixture exploded at will by being

brought into contact with a drop of strong sulphuric acid, for the ig-

nition of submarine mines or of signals.

Other mixtures combining a high degree of explosiveness with

power of conducting electricity, have been successfully applied to the

simultaneous ignition of numerous charges of gunpowder by electricity

of high tension : by means of one of them, recently discovered, many
mines may be simultaneously discharged, even by the employment of

small magneto-electric machines; the necessity for the employment

of voltaic arrangements in mining operations being thus entirely dis-

pensed with.

One of the most highly explosive mixtures at present known, con-

sisting of chlorate of potassa and amorphous phosphorus, has been

most ingeniously applied by Sir William Armstrong to the ignition of

his time-fuzes, and to the production of concussion and percussion

fuzes, remarkable for the great ease with which they are exploded.

The above mixture may be ignited by the application of a gentle heat,

or by submission to moderate pressure ; if it is made up into a hard

mass by mixture with a little shellac varnish, the friction resulting

from the rapid insertion of a pin's point into the material suffices to

ignite it, even when it is well covered with varnish. Thus, in Arm-
strong's time-fuze, which, when fixed in its place in the head of the
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shell, cannot, like ordinary fuzes employed in smooth-bore guns, be

ignited by the flame of the exploding charge of powder (as the shell

accurately fits the bore of the gun), the fuze composition is inflamed,

immediately upon the firing of the gun, in the following manner :—

A

small quantity of the phosphorus mixture is deposited at the bottom
of a cylindrical cavity in the centre of the fuze, and over it is fixed

a small plug of metal, with a pin's point projecting from its lower

end. This plug is held in its place by a pin of soft metal, which, by
reason of the vis inertice of the plug, is broken when the gun is fired,

and the pin then instantly pierces the pellet of detonating mixture,

which, by its ignition, sets into action the time-fuze. The distance

between the pin's point and the phosphorus mixture, before the ex-

plosion, is only one-tenth of an inch. This arrangement exemplifies

in a striking manner the delicacy of action which may be obtained

by a judicious combination of simple mechanical arrangements and
highly explosive materials.

The variety of work accomplished by the explosion of a charge of
powder in an Armstrong gun loaded with a shell—no less than five

distinct and important operations being thereby efl"ected before the

shell leaves the gun—affords a most interesting illustration of the

progress made in the application of explosives, and of the compara-
tively great control which may be exercised over the operations of

those destructive agents.

3Iica and its Uses.

From the Loud. Mining Journal, No. 1393.

Within the past few years, we have received several inquiries as to

the commercial value of mica, the complaint being that the market
appears to be very limited, and that few seem to know the purposes
to which it is applied. In last week's Journal, an address was given,

by our Canadian correspondent, of a dealer in the material ; and we
have since ascertained that Messrs. Nash and Lienard of Lime street,

are almost the only wholesale dealers in London. Hitherto its use
has no doubt been limited, the manufacture of ornamental letters for

afiixing on glass, and of shields for the collection of the smoke from
lamp chimneys, being, probably, the applications which have consumed
the largest quantity, though it has also been used to some extent for

photographic and other purposes. Efforts were made to introduce it

for safety-lamps, in the hope that greater light would be obtained with
less danger than when the ordinary wire-gauze is employed ; but all

attempts in this direction have hitherto failed, and, so far as we can
see, are likely to fail, for various reasons.

Recently, however, a new field has been in process of opening up,

by the endeavor to apply mica, previously colored or metallized, to

the decoration of churches, rooms, shops, frames, and other ornamen-
tal and useful purposes. The mica, from its unalterable nature, pre-

serves the gilding, silvering, or coloring from deterioration, and from
its diaphaneity, the articles so treated will preserve all their brilliancy.
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They are further preserved in a state of perfect cleanliness from the

action of all smoke, dust, or from marks caused by insects, which may
all be removed by washing ; the surface being always smooth and im-

pervious, moreover, is capable of resisting the action of corrosive

acids, and the metal or colored surface appears with greater bril-

liancy.

In describing the invention, Mr. Murray of Paris, the patentee,

states that he thus prepares and applies the mica. It is first cut to

the desired thickness with an ivory or steel knife, and it is then coated

with a thin layer of isinglass diluted in water, and the gold or other

surface is applied, after which it is allowed to dry (any article, gilt,

silvered, or colored by the known process, may be covered with a thin

sheet of mica by gluing). He then takes a pattern of copper, with a
design cut out on it, and places it on the reverse side of the mica, and
with a small brush removes any superfluous parts, the required design

thus remaining on the parts which have not been brushed. He then
applies colors, either one or more times, as considered necessary, and
afterwards coats the whole with a solution of liquid glue diluted in

spirits of wine, which is applied for the purpose of rendering the mica
pliable. When this is effected, the mica is applied to the frame or

other object, which is coated with glue or other adhesive material,

which is allowed to become comparatively dry. Mr. Murray then ap-

plies the mica with the design on it to the frame or other object, when
it is allowed to dry for about three hours, after which all superfluous

parts are removed, and the external surface of the mica made smooth.
In order to make the junctions of several pieces of mica impercept-

ible, he first glues them together with Venetian glue, and then applies

a hot iron to the parts where the mica is joined together, when the

parts will be completely united.

The value of mica depends upon the size of the sheets, and . their

transparency ; the clear ruby-tinged being the finest, and the cloudy
grey the least valuable. With regard to the mica from British pos-
sessions, it appears that the sale of Canadian has'been much damaged
through the carelessness of those shipping it. The first parcel, of

about ^ ton, which Messrs. !Nash and Lienard received was sold at

2s. \d. per ib.; and the second, of about f ton, realized 2s. Since
this, the quality has not been kept up ; the third parcel, of about 1

ton, required careful sorting after arriving in this country, to render
it marketable at all, and then sold one-half at 2s., and the remainder
at Ihd., the net amount cleared and transmitted to Canada being only
<£14-i, or about Is. Id. per ft). The same firm has since undertaken
to import mica from Calcutta, and the quality is so much superior to

that from Canada, that the latter is now saleable only at a very low
price. The Calcutta mica is, indeed, about equal to that from Siberia,

and is at present readily saleable at from 2s. 6t?. to 4s. per ft)., ac-

cording to quality, and the quantity taken. Owing to varying quality

the price of mica varies considerably : Canada mica will range from
'dd. to 2s., and Calcutta from Qd. to 4s. per lb.

The idea which some of our correspondents entertain that mica and
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talc are identical, or nearly so, is quite erroneous ; they may be read-

ily distinguished from each other in several ways. Both are flexible,

but talc is not elastic, whilst mica is ; then, again, talc is so soft that

it will yield to the nail, whilst mica is nearly as hard as calc-spar.

But the chemical test is the most satisfactory, as mica is composed of

a silicate of potash, with a silicate of the sesqui-oxide of aluminium,

whilst talc is a silicate of magnesia, and seldom contains any potash,

though Klaproth found 2| per cent, in it.

A Golden Bronze for Statutes, ^c.
From the London Builder, Xo. 1003.

The Paris correspondent of the Birmingham Journal describes a

novelty in manufacture which, he states, has been accepted with great

interest by the metallurgists of the Government. The discovery ap-

pears to have been purely accidental, and to have originated in what
was at first regarded as a disastrous mistake, made by one of the

workmen in the employment of j\Ir. Hullin, of the bronze powder
factory at Chatelherault. The spilling of some chemical matter

(which of course remains a secret) into copper and iron filings has

produced two new metals or alloys, possessing every quality of gold

and silver excepting weight. Both are inoxiduble, and as rich and
bright in color as the real metals, of which they are rather to be

deemed the humble rivals than the mere imitators. The price is fixed

at fifteen francs the kilogramme ; and its cheapness has induced the

experiment to be made public by the execution of a statue of Saint

Anne, for the hermitage of Auray, in Brittany. The statue is in-

tended to be of colossal proportions, and to adorn the roof of the

grotto. A tea service of the metal, it is added, has been sent to Lon-
don for the Exhibition. Ancient bronzes were ordinarily gilt.

Ornamental Burnt Wood-worJc.

I'rom the Lond. Bnilder, Xo. 996.

A patent mode of producing ornamental wood-work by burning,

first practised in Manchester, is now being carried on in London,

—

Wenlock-road, City-road,—and may be usefully introduced in many
cases. The poker-burnt pictures of some time ago have shown what
an agreeable color and what an enduring result can be obtained by
charring the surface of wood. In the practical works which have
grown out of that, designs in relief are engraved on the face of hollow

iron cylinders ; and these, being heated by a gas-pipe within, acted on
by a second pipe conveying atmospheric air, are made to transfer these

designs to the planed board Avhich is passed in between them as they

revolve. When the wood has gone through the charring operation, it

is handed to a workman, who scrapes it down over the surface so as to

bring out the lights, and produce the best effects. This being accom-
plished, the face is varnished or polished, and the result is an oma-
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mental panel or moulding of considerable beauty {if the design he

good), and of remarkable permanence. White woods, as sycamore or

lime, are employed for the work. It is easy also, by this process, to

give to the less expensive varieties of wood the characteristic of the

more costly kinds. Rosewood and walnut are very well imitated
; and

upon these again any pattern can be impressed. The cost of woods

imitated in this way is put at two-thirds the cost of good hand " grain-

ing." There is a wide field wherein this ornamental burnt wood pro-

cess may be usefully employed. To insure success, however, the com-

pany must endeavor to obtain good designs, in a higher style of art

than the majority of those they are now working with.

Safe Working Pressure of Boilers, and Hooping of Flues.

From the London Mechanics' Magazine, June, 1862.

Mr. L. E. Fletcher, the engineer of the Manchester Association for

the prevention of steam boiler explosions, in his last monthly report

says :

—

For some time since I have been desirous of touching upon the

point of Safe Working Pressures for boilers, since it not unfrequently

happens that it is necessary to warn our members on account of ex-

cess.

The scale adopted by the Association as a general standard is as

follows :—For shells of boilers 7 feet in diameter, made of fth plate,

the safe working pressure is 50 lbs. ; if of ^''gth plate, 60 lbs. ; and
other dimensions in proportion. This allowance corresponds with the

general practice of the manufacturing engineers of the district, is quite

as high as the standard in other parts of the country, and considera-

bly in excess of that permitted either in France, Holland, or Belgium,

by their respective governments. It must, however, be distinctly un-

derstood that this standard should not be applied in every case, with-

out any allowance being made for the attendant circumstances. It is

only applicable in cases where the boiler is well made, both as regards

materials and workmanship, and where the condition of the plates is

good. It would be highly dangerous to apply it to boilers weakened
by the wear and tear of years ; while, on the other hand, a new and
thoroughly well made boiler might for a time be allowed to w^ork at a

pressure slightly in excess of that given. But this could only be safe

where everything is in first-rate condition.

It is a very common idea that the bursting pressure of a boiler is

six times as high as that given above as its safe working pressure.

This, however, I am persuaded, is a great mistake, and leads in many
cases to undue confidence. I am confirmed in this conclusion by the

constant examination of the rent plates in boilers that have exploded,

-where I find that, even where explosion results from thinning of the

plates, rupture ensues long before they are reduced to one-sixth of

their original thickness, and in one case I knew a well made and near-

ly new boiler, in first-rate condition, to explode, on account of only a

comparatively slight increase of pressure, which had accidentally been
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allowed tlirougli an error in the steam gauge. In this case, that at

which the boiler actually burst did not exceed its ordinary -working

pressure by more than 50 per cent., the one being about 90 lbs., the

other about 60 lbs. I believe that an application of any thing like six

times the pressure given in the scale above would burst most of the

boilers in Lancashire, and where it has been actually attempted by
hydraulic pressure, the steam domes have been found to tear off long

before the strain referred to has been attained. I cannot, therefore,

think that shells of cylindrical boilers can be worked without risk at a

higher pressure than that given in the preceding scale, unless under

vei'y exceptional circumstances.

With regard to the furnace tubes which are exposed to external

pressure, I am glad to find that the practice is becoming increasingly

general of strengthening them either with flanched seams or hoops,

the hoops being made either of angle iron, T iron, or other approved

form ; and since it too frequently happens that flues are not made in

the first instance truly cylindrical, on which their strength so much
depends, and that other sources of weakness creep into the manufac-

ture unawares, it is extremely desirable that no new boiler should be

constructed with flues unstrengthened in the way just described, how-
ever slight the working pressure may be.

These hoops are frequently added to boilers after their first con-

struction, and since some of our members have suffered inconvenience

from the imperfect manner in which they have been fixed, I may state

the method found by experience to be the best, which is as follows

;

The hoops, if made in two halves, may be passed in through the man-
hole, and can then be secured to the furnace tubes when in position.

They should not, however, be brought in direct contact with the plates

of the tubes, but should have ferrules of about an inch thick placed

between the two, so as to leave a clear space all round tlirough which

the water can circulate. "Where this space has been omitted, the plates

have been found in some places to crack at the rivet holes, and in

others to blister and buckle, in consequence of which many plates

have had to be cut out and the hoops removed, from which the system

of hooping has been in some cases unfairly condemned. Where, how-

ever, the ferrules have been introduced and the water space allowed,

no injury has been found to arise to the plates even over the hottest

part of the fire. The rivets uniting the hoops to the furnace tube should

pass through these ferrules, and be spaced about 6 inches apart, while

the two halves of the hoops should be connected together by butt

strips riveted to their ends at the back. When hoops are applied as

an after-clap in this way, angle iron is preferable to T iron, as the

flanch, being narrower, is less liable to cause overheating of the plate.

It may be necessary to vary the size of the angle iron in some cases,

but generally speaking, one 3 inches in the flanch and half an inch in

thickness will be found to answer every purpose. It is sometimes the

practice to put two angle irons back to back. This is quite unneces-

sary, and a single one is all that is required. A drawing, to show the

arrangement recommended, has been made for the assistance of the
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members, and can be seen on application at the Offices of tbe Asso-

ciation.

Since writing the above, I have met with some additional cases,

where considerable expense has been incurred by having to remove

angle iron hoops from furnace tubes, in consequence of the injudicious

mode in which they have been fixed, and would therefore impress up-

on our members the importance of attention to the above, if they wish

to prevent the recurrence of disappointment in their own case.

Preserving Timber.

From the London Builder, No. 1010.

An experiment has been made at Cherbourg, in preserving wood
for vessels from being affected with dry rot, by subjecting the timber

to a slight carbonization with common inflammable coal-gas. The cost

is only about ten cents per square yard of framing and planking, and

the result is stated to be completely successful.

Notice of the Death of Professor Barloiv, F, R. S.

From the London Practical Mechanics Journal, May, 1862.

Mathematical science has just sustained a severe loss in the death

of Professor Barlow, than whom, perhaps, no one has contributed

more to the literature of the applied sciences of our times. This dis-

tinguished man was born in Norwich in 1776, and he displayed his

mathematical prowess and great energy of character at a very early

age. In 1806 he was appointed one of the mathematical professors at

the Royal Military Academy at Woolwich, which office he held until

1847. He was the author of numerous works, among which are his

well known treatises on the " Theory of Numbers," the " Strength of

Materials," his "Essay on Magnetism," &c. His discovery of the

means of correcting the local attraction on the compasses of ships

brought him into great notoriety, and he received the Copley m^dal,

and was elected on the council of the Royal Society. The Board of

Longitude conferred upon him the reward provided for useful nautical

discoveries. The Emperor of Russia acknowledged the value of the

invention, and presented him with the diploma of the Imperial Aca-

demy of Sciences at St. Petersburgh, and he was elected a correspond-

ing member of the Institute of France and Royal Society of Brussels,

besides other rewards and honors. In mechanical subjects he was as-

sociated with Mr. Telford in experiments for the Menai Bridge. He
was then called in reference to the removal of old London Bridge. In

1836 he was appointed one of the Irish railway commissioners, with

General Sir John Burgoyne and the late Mr. Drummond, and subse-

quently appointed on three other Royal commissions relating to rail-

ways in England. In 1847 he retired from the Royal Military Aca-

demy, and the Government awarded him his full income for the
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remainder of his life, in consideration of his eminent services. Enjoying

the highest respect and admiration for his learning, and the way in

which he used it during a long and active life, his memory well de-

serves some tribute from us now that he is dead.

Improved Omnibus.
Trom the Lon<J. Civ. Eng. and Arch. Journal, April, 1S62.

An improvement in these vehicles has long been needed, but those

constructed to give more sitting room and other conveniences have

been of such increased size as to prevent their general adoption. Want
of room—as most of our readers no doubt know by experience—is

very often, to a great extent, occasioned by the immovable selfishness

of one particular rider, who will secure ample sitting room for him-

self, regardless of the comfort of his fellow passengers. And where

all are equally accommodating, it will be found that, while there is a

great deal of squeezing and crowding about the shoulder region, the

room on the seat itself is sufficient. Our attention has been called to a

very ingenious arrangement recently registered, and which is shown
in the accompanying diagram, exhibiting a plan of the seats by which

PLAN OF SEATS OF OMSIBCS.

these inconveniences are obviated. It will be seen at once that each

person's seat is defined; without any division being used, while the

passengers in sitting, as it were, overlap each other, thus securing

perfect freedom and abundance of room to each. Our readers can try

the effect of the improvement, by placing chairs at first side by side,

and then obliquely against each other. The spaces behind the seats

are for umbrellas—intolerable nuisances in an omnibus in wet weather.

The increase of size is only eight inches in the length of the omnibus.

FRANKLIN INSTITUTE.

Proceedings of the Stated 3Ionthly Meeting, July 17, 1862.

John C. Cresson, President, in the chair.

Isaac B. Garrigues, Recording Secretary.
The minutes of the last meeting were read and approved.
A Letter was read from I'Academie Royale des Sciences de Lis-

bonne.
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Donations to the Library were received from the Royal Geogra-

phical Society, the Royal Astronomical Society, the Statistical So-

ciety, and the Society of Arts, London ; I'Academie Royale des

Sciences de Lisbonne, Portugal ; M. Alexandre-P. Prevost Geneve,

Switzerland ; the Smithsonian Institution, and Frederick Emerick,

Esq., Washington, D. C; Dr. Charles H. Porter, Albany, N. York;
Thomas C. Clark, Esq., Camden, N. J.; Hon. Charles Naylor, John

C. Trautwine, Esq., John Warner, Esq., and the American Philoso-

phical Society, Philadelphia.

The Periodicals received in exchange for the Journal of the Insti-

tute, were laid on the table.

The Treasurer's statement of the receipts and payments for the

month of June was read.

The Board of Managers and Standing Committees reported their

minutes.

The Board of Managers reported the following resolutions passed

at their last stated meeting, held on the 9th instant

:

Resolved, That the Board of Managers of the Franklin Institute

have heard with great regret, the death of their fellow-member, Major
John M. Gries, from the effects of a wound received in the service of

his country.

Resolved, That while we highly appreciate the pure patriotism

which induced our fellow-member thus to offer his life for the preser-

vation of the Constitution and liberties of his country, we cannot but

give expression to our sorrow for the loss of one whose services were
so valuable, and whose association was so pleasant to us.

Resolved, That the foregoing resolutions be communicated to the

family of our late fellow-manager, as a testimonial of the esteem which
we entertained for his character, and the appreciation which we felt

for his services.

Candidates for membership in the Institute (4) were proposed, and
the candidate (2) proposed at the last meeting were duly elected.

The following preamble and resolutions offered by Frederick Fra-
ley, Esq., were unanimously adopted:

Whereas, the members of the Franklin Institute have received in-

formation of the death of their late fellow-member, Major John M.
Gries, an event which has suddenly broken a bond of usefulness and
fraternity that has existed many years ; and whereas, the merits and
services of the deceased are held in grateful remembrance by the In-

stitute, and the record of them should be appropriately perpetuated

:

Therefore

Resolved, That the Franklin Institute has heard with unfeigned
sorrow the notice of the death of Major John M. Gries, in conse-

quence of a wound received while in the service of his country.

Resolved, That the patriotism which led him into the field in de-

fence of the noble institutions of the country, was of a kindred feeling

to that which he manifested for many years in the service of the In-



Report on an Explosion of a Steam Boiler. 137

stitute, and in the furtherance of the beneficent and useful purposes

for which the Institute was founded.

Resolved, That feeling most sensibly the loss which the Institute

has sustained by the removal of Major Gries, we deeply sympathize

with his family and friends in their bereavement, and tender them our

sincere condolence.

Resolved, That a copy of these preamble and resolutions be signed

by the President and Secretaries, and be transmitted to the family of

Major Gries.

Mr. Edward Brown exhibited a Heat Gauge or Pyrometer. This

instrument is for indicating temperatures from to 1000 degrees. It

is constructed on the principle of the different expansion of two kinds

of metal., A metallic rod about five feet long is inserted into a brass

tube, and firmly fixed to it at the bottom end, the upper end is free,

and is attached to a lever communicating by means of rack and pinion

with a pointer. It has a clock face, and is in general appearance like

a steam gauge. It is principally used for the hot air of blast furnaces,

but may be also used for ascertaining the temperature of steam boiler

flues, super-heated steam-wire annealing ovens, bakers' ovens, &c.

COMMITTEE ON SCIENCE AND THE ARTS.

Report on an Explosion of a Steam Boiler.

The Committee on Science and the Arts constituted by the Franklin Institute of the

State of Pennsylvania, for the promotion of the Mechanic Arts, to whom was referred

for examination—" An Explosion of a Steam Boiler at the Port Richmond Iron

Works of Messrs. I. P. Morris & Co., Philadelphia, Penna.,"

Report:—That on the evening of Saturday, October 19th, 1861,

about 15 or 20 minutes before 6 o'clock, and about 10 or 15 minutes

after the fires had been drawn, the middle one of three boilers at the

Port Richmond Iron Works of Messrs. I. P. Morris & Co. exploded.

The rupture occurred partly through and partly close to a transverse

seam of rivets near the middle of the length of the boiler, and at the

part which was situated nearly over the bridge-wall of the furnace.

The two pieces were projected horizontally with great force in oppo-

site directions : One in its course passing through the back wall of the

boiler house, the two walls of a small building, occupied by the foun-

dry blowing machinery, which it nearly demolished, and through the

brass foundry and its wall, and finally landing upon a heap of rubbish

beyond. The head of this part was cracked across, but the plate-iron

was entire. The other end struck a large cylindrical casting weighing

about 20,000 lbs., breaking it into a number of pieces, and leveling a

small brick outhouse, about 10 feet in diameter. These obstructions

so changed the line of flight that the side of the boiler struck some of

12"
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the fragments of broken castings and of the outhouse, causing a por-

tion of the boiler plate to become flattened and to tear. The cast iron

head was broken into small pieces.

The boilers on each side were not injured, but were thrown side-

ways through the walls of the boiler house ; one passing into the foun-

dry and destroying some of the machinery, while the other threw
down the wall of the coal depository. Each boiler had suspended be-

neath it a mud-drum, having three communicating pipes for the circu-

lation of the water, and a common steam-drum ; these were uninjured

beyond the breaking of their attachments to the boilers. The sudden
escape of the steam destroyed the roof of the boiler house, and a part

of that over a wing of the foundry, and a quantity of bricks and
broken timber were thrown upon the surrounding buildings.

The engineer and two assistants were on duty at the time. The en-

gineer was found lying against the front wall of the fire-pit, in such a

position as made it evident that he must have been killed instantane-

ously. One of his assistants (Hibbard) was at a hose-plug nearly in

front of the boilers, and the explosion carried him several yards away
among the fragments of the buildings, causing injuries which resulted

in his death about six hours afterwards. The other assistant (Parker)

was not injured bodily, but his nervous system was so shocked as to

prevent him from giving a coherent description of the occurrence.

Hibbard, before his death, made the following statement :
—" The

engineer after drawing the fires had made preparations for cooling

the brick-work around the boilers, had attached the hose to a plug,

and taken the branch-pipe into the fire-pit, directing me to open the

plug. I told him not to play the water in there, but he disregarded

my caution, and by his order I opened the plug." In corroboration

of this statement, the hose with |-inch branch-pipe attached was found

among the rubbish in the fire-pit, and one of the watchmen, who reach-

ed the place immediately after the accident, found the water turned on,

and shut the plug.

An inspection of the scene next morning proved that the boiler

must have had its supply of water, for the ground was coated with a

stratum of mud about ^ inch thick, formed from the water of the ex-

ploded boiler only—for the positions of the other boilers were such

that the water escaping from them would have settled into excavations

large enough to hold several times their contents.

The steam pressure was noted on the gauge in the engine room by
the foreman of the machine shop, about half an hour before the fires

were draAvn, and was found to be less than the usual pressure.

An examination of the safety-valve of the exploded boiler, which

was found attached to one portion of it, showed that it was of insuffi-

cient opening for the size of the boiler, and that its stem was entirely

rigid and incapable of that amount of play which is indispensable to

the free action of the valve
;
yet the time at which the explosion took

place, so long after the fires had been drawn and the steam ceased to

generate, seeming to render it impossible to account for this explosion



Report upon the Mississippi River. 139

by the supposition of any undue pressure of steam caused by these de-

fects of the valve.'

The examination of the metal and construction of the exploded

boiler showed no apparent defect in either. The two adjacent boilers

were afterwards tested by the Committee under a pressure of 212 lbs.,

which they bore without any evidence of strain or approach to fracture.

If, however, the statement of the assistant (Hibbard) be believed,

and it be assumed that the engineer was engaged in throwing a stream

of cold water upon the bottom of the boiler, it appears to the Com-
mittee that the explanation of the explosion is easy and evident. The
sudden cooling of the boiler over a limited area of its surface, would

necessarily cause a change of its form and a sudden and immensely

great strain in the direction of its transverse section, which might very

probably result in a rupture, which if it took place would follow a line

around the boiler, and at or near the point near the bridge wall, since

this is the point at which the cold water would be thrown upon the

metal. That the fracture should tend to follow the line of rivets which

nearly corresponded with the line of greatest strain, is explained from

the well known fact that such line is generally the weakest part of the

boiler surface.

The Committee, therefore, believe that this supposition is the most

probable in reference to the cause of the explosion, and strongly re-

commend the proprietors and managers of establishments using steam

to forbid their engineers to throw streams of water upon the boilers

while hot, as a practice fraught with danger, and destructive to the

boiler even when it does not at once produce explosion.

By order of the Committee,

Wm. Hamilton, Actuary.
Philadelphia, July lOth, 1862.

BIBLIOGRAPHICAL NOTICE.

Report upon the Physics and Hydraulics of the 3Iississippi River ;

upon the Protection of the Alluvial Region against Overflow ; and

upon the Deepening of the 3Iouths : Based upon Surveys and In-

vestigations made under the Acts of Congress directing the Topo-

graphical and Hydrographical Survey of the Delta of the Missis-

sippi River, with such investigations as might lead to determine the

most practicable plan for securing it from inundation, and the best

mode of deepening the channels at the mouths of the river. By
Capt. A. A. Humphreys and Lieut. H. L. Abbot, Corps of Topo-

graphical Engineers, U. S. A. Philadelphia, J. B. Lippincott &
Co., 1861.

There is, perhaps, no subject of equal importance connected with

civil engineering, of which so little is known, as the flow of water in

large rivers. The extreme mobility of the water, causing it to yield
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in any direction to the slightest forces ; its cohesion, which seems so

slight and negligable in experiments on a small scale, yet exerts a

controlling influence upon the phenomena of movement of large masses;
the irregularities of all kinds which affect the bed, every one of which
produces changes which are propagated over extensive areas ; the

modifications of the motion, which are introduced by the affluent

streams, the winds, and other meteorological changes, render the pro-

blem almost indefinitely intricate, and require for its solution experi-

ments as numerous and varied as they are difficult and delicate. It is

scarcely within the power of any individual engineer to approximate
to its solution ; for no set of observations, however numerous and va-

ried, if confined to a single locality, would suffice to give the general

law; nor, as it appears, are the formulae for large and rapidly moving
rivers to be deduced from observations on small or sluggish streams.

The examinations of the great rivers of Europe, under the authority

of the various governments, have commenced the solution of this

great problem, but they have been too few, and the subject too vast

to be completely solved even by their examinations; too many funda-
mental data have had to be assumed, and the means of verification

have been too few and limited to give to their results the extreme ac-

curacy which the ability and patience of the authors ought to insure.

This, therefore, appears to be one of the physical problems which the
United States Government seems especially designated to attack.

The Mississippi River from its length, its volume, the great variety

of character which its bed presents in the different parts of its course,

and the equally great change of character which its flow assumes at

different periods of the year, seems to be especially fitted for such an
investigation : the immense agricultural and commercial interests

which concentrate on and around it, justify the outlay which it re-

quires : the government has at its disposition a body of highly edu-

cated engineers, whose pride as well as scientific ardor would insure

their devoting their best energies to the task ; while the separate

states through whose territories the river passes have found it necessa-

ry to employ for their own purposes high engineering talent, and thus

have insured a series of checks upon the work which may not be
without utility. These considerations explain why it is that in the

report which we are now considering, Capt. Humphreys and Lieut.

Abbot have made by far the most valuable contribution to the science

of river-hydraulics which it has ever received, and have placed their

names for the future in the same rank with those of the most distin-

guished of their predecessors. And this is true not merely in any
one department of the investigation ; the ability of the authors is

equally shown in the skill with which the experiments were devised,

the fullness and precision with which they were tried, and the extreme
ingenuity and power with which they were discussed, and the result-

ing formulae tested and verified. Future observers may, perhaps, find

some things to correct, perhaps to add ; but they have in the book be-

fore us a model of investigation which will form the basis of their own
labors.
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Nor must it be understood tliat the report is a mere dry scientific

record of experiments and their discussion and results; the authors

have found means to weave into their details a great mass of infor-

mation which will be found interesting to every one who desires to

learn ; and while this work will be the subject of profound study by
every hydraulic engineer, parts of it, we have no doubt, will be read

with much interest by those who will not trouble themselves with the

authors' mathematics.

We have not the room now to analyze and criticize this work as it

deserves
;
perhaps hereafter we may take the opportunity to refer to

it more fully, and to make such extracts from it as may be valuable

to our readers. For the present we must confine ourselves to a brief

account of its contents and method.

After a general account of the origin and progress of the work
and a reference to other investigations bearing upon the subject, it

proceeds to give a minute account of the physical geography of the

basin of the Mississippi River, dividing this into subordinate basins,

of which seven principal ones are described. In this chapter we have
a great amount of very valuable information in reference to the soil

and climate of the basins of the various great tributaries to the Mis-

sissippi, of their slopes and floods, which must be studied before their

influence on the main basin can be understood.

The second chapter is devoted to a similar minute physical account

of the river below the junction of the Missouri, its topography, and
the geology of its bed ; in describing which, the prevalent belief that

the basin of the lower Mississippi Avas originally a gulf of the ocean

which has been gradually silted up by the deposits of the river, through
which its waters have cut their present bed, is shown to be an error;

the slope, cross-section, and drainage ; its temperature, and the

amount of sediment which it causes ; the history of the floods of the

river so far as any reliable information can be obtained of them, and
an account of the progress of the system of levees by which the plan-

tations along its banks are protected.

The third chapter is devoted to an account of the various contribu-

tions which have been heretofore made to river-hydraulics ; the theo-

ries being explained, the methods of observation described, and the

resulting formulse given.

Chapter IV. is devoted to a minute explanation of the method of

gauging the river and its tributaries and crevasses used in the survey

:

including a very interesting and important discussion of the subject of

the mean velocity of the stream.

Chapter V. discusses the new experimental laws of water in motion
proposed by the authors, the formuloe by which these laws are ex-
pressed, and the tests to which these laws and formulae were subjected,

which it must be confessed were as numerous and as rigid as could be
desired ; and it is not a little gratifying to see how very satisfactory

is the general accordance between the numerical values resulting from
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the formulae and those got by actual observation. It is true that be-

fore any new theory is adopted, a very protracted and careful study of

it is necessary, and the confirmation of its results by other observers

and under different circumstances from those in which it originated,

yet it scarcely seems possible that such accordances as we here find

with the severest tests, could be brought about by any thing but a con-

formity to the true natural laws.

Chapter VI. is devoted to the discussion of the subject of the pro-

tection of the land bordering on the river, from its floods, and the au-

thors give what appear to be satisfactory reasons for relying in gene-

ral upon the system of levees, which they show can be economically

made effectual.

Chapter VII. is occupied with an account of the delta of the Mis-
sissippi, its extent, rate of increase, and probable age. The authors

give four thousand four hundred years as the approximate age of the

Mississippi since it assumed its present condition of a delta-forming

river, and state their reasons for believing that it existed before this

as a clear stream. They consider that the original mouth of the Mis-
sissippi was near the present efflux of Bayou Plaquemine, and that,

consequently, its advance into the Gulf has been about 220 miles. The
present rate of advance of the mouth is about 262 feet per annum,
which will not probably be exceeded hereafter. An interesting expla-

nation of the mode by which the branches of the main river become
separated from it is also here given.

Chapter VIII. treats of the hydrography of the mouths of the river,

the formation and profiles of the bars, and the proper methods for

maintaining sufficiently deep water over them.

A large body of appendices, the first of which is the report on the

the mouths of the Mississippi by Captain Talcott in 1838, and the rest

are made up of the detailed observations, complete the work, which is

illustrated by a number of valuable maps and diagrams.

In conclusion, we repeat what we have before said, that we have no
hesitation in considering this report as the most valuable contribution

which has yet been made in any country to the subject of river-hy-

draulics, and as indispensable to every engineer who is called upon to

suggest improvements or execute works depending on this branch of

science. F.

ERRATA.

In formula 6, page 54, the last term, b, should be negative, thus:

I= sin. V {h— r sin. t>) -j- r sec. v— b.

The same correction should be made in example 2, formula 6, page 56.

I
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METEOROLOGY.

For the Journal of the Franklin Institute.

The Meteorology of PliiladeJphia. By James A. Kirkpatrick, A.M.

June.—The mean temperature of the month of June, 1862, was 4°

below that of the same month, for the last eleven years.

The warmest day of the month was the 29th, of which the mean tem-

perature was 79-8°. The maximum temperature for the month (89°)

occurred on the same day.

The coldest day was the 8th, having a mean temperature of 58-2°.

The minimum (47°) occurred on the 16th, of which the mean tempe-

rature was 58-3°, but one-tenth of a degree higher than the coldest

day of the month.

The range of the temperature for the month was 42°.

The greatest change of temperature in the course of a day was 27°,

on the 12th of the month; the least was 7°, on the 5th, when rain fell

during the greater part of the day. The average daily oscillation of

temperature (17-6°) was but a quarter of a degree more than the aver-

ao'e for the month for eleven years, and about 1° more than for June,

1861.

The greatest mean daily range of temperature—that is, the great-

est mean dijlference of temperature, between two successive days

—

was 15°, between the 14th and 15th ; the least was between the 29th

and 30th, when there was no difference whatever. The average daily

range for the month (5-34°) was about the same as for June of last

yeai', and about six-tenths of a degree greater than the average for

the month for the last eleven years.

The atmospheric pressure was greatest (30-146 inches) on the 16th

of the month, and least (29-375 inches) on the 30th. The mean pres-

sure for a day was greatest (30-142 inches) on the 16th, and least

(29-420 inches) on the 30th of the month. The average pressure for

the month (29-724 inches) was three-hundredths of an inch less than

in June, 1861, and seven-hundredths of an inch less than the average

pressure for June for eleven years. It was less than in any June dur-

ing the whole period of observation, except in the year 1857, when
the average for the month was 29-663 inches.

The greatest mean daily range of pressure for the month was 0-38 of

an inch, and occurred between the 17th and 18th days of the month

;

the least was 0-008 of an inch, between the 25th and 26th. The ave-

rage mean daily range for the month (0-123 inch) was two-hundredths

of an inch greater than usual.

The force of vapor, as will be seen by a reference to the table of

comparisons, was about as much below that for June of last year,

as the latter was below the general average. It was greatest (0-770

in.) on the 14th, and least (0-180 in.) on the 16th of the month. The
average for the month (0-477 in.) was six-hundredths of an inch less

than the average for June for eleven years.
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The relative humidity was greater than usual, being about 2 per
cent, above the general average. It was greatest (94 per cent, of

complete saturation,) on the morning of the 2d, the afternoon of the

4th, and the evening of the 10th ; and least (33 per cent.) on the af-

ternoon of the 23d.

There was not one day of the month entirely free from clouds at

the hours of observation, and there were but four days on which the

sky was completely covered with clouds at those hours. It will be

seen by the table of comparisons, that the quantity of clouds was con-

siderably greater than usual.

Rain fell in appreciable quantities on fifteen days of the month, to

the aggregate depth of G*oy2 inches, which is about two inches more
than the average amount for the month.

The rain storm which commenced during the night of the 3d of

June, and continued with but little intermission until 3 P. M. of the

5th, caused a great flood in all the rivers of eastern Pennsylvania.

—

At Mauch Chunk, the river is said to have risen nine feet in six hours.

This sudden rise of water was attended with great destruction of pro-

perty and loss of life.

A Comparison of some of the Meteorological Phenomena of June, 1862, with those

of June, 1861, and of the same month for eleven years, at Philadelphia, Pa.

Latitude 39° 57^' N.; Longitude 75° lOi' VV. from Greenwich.

June, June, June,
1862. 1861. 11 Years.

Tliermometer.—Highest, 89° 91° 98°
" Lowest, . 47 51 42
" Mean daily oscillation, 17-60 18-55 16-38
" " daily range, 5-34 5-29 4-76
" Means at 7 A. M., 64-57 69-30 68-83

2 P. M., . 74-72 79-27 78-87

9 P. M., 66-75 70-83 71-47
" " for the Month, 68-68 73-13 73-06

Barometer.—Highest, 30-146 in. 30-062 in. 30 281 in.

" Lowest, . . . 29-375 29-528 29-182
" Mean daily range. •123 •104 -099

" Means at 7 A. M., 29-738 29-783 20-813
" " 2 P. M., 29-706 29-742 29-779
" " 9 P. M., . 29 728 29-739 29-790
" " for the Month, 29-724 29-754 29-794

Force of Vapor.—Means at 7 A. M., •463 in •475 in. •517in.
« '* " 2 P. M., •470 •512 •539

" " 9 P. M., •498 •530 •554

" " " for the Month, •477 •505 •537

Relative Humidity.—Means at 7 A. M., 74-7 per ct. 66-2 per ct. 72-9 per ct.

2 P. M., 55-5 51-9 54-3

" '« " 9 P. M., 74-3 69-7 70-7

« " " for the Month, 68-2 62-6 66-0

Per centum of sky covered with clouds, 62-9 53-7 54-3

No. of days on which rain fell, 15 15 12-1

Rain, amount in inches, . 6.592 4-485 4-574

Prevailing winds—Times in 1000-ths, s79°23'w-097 S81°52'wl76 s76°16'w-234
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Distribution".

As a consequence of the use of water supply under pressure, lines

of distribution service to the several points of consumption are pro-

vided, and are common in principle of use to both the intermittent

and constant systems of service, which have been previously noticed.

From the reservoirs of storage, or points of supply by stand-pipe.s

and otherwise, these lines, branching off in various directions, with

various proportions of calibre, and differences in material, have been

applied to the solution of the problem of adequate delivery, adequate

strength, and protection from the several contingencies of use ; and
have, therefore, involved not only the question of serious expenditure,

but various interesting questions of propriety in manner of construc-

tion, arrangement, and method of use.

A system of distribution comprises lines of feeding mains, service

mains, special service pipes, and the various appurtenances connected

with the details of delivery, and is controlled in character by the ex-

tent of service as to relative supply and demand, the conditions of ser-

vice as to pressure, and by range of admissible expenditure.

Distribution is generally the most costly feature of any water sup-

ply. Its proportion, for instance, at Brooklyn, in an original contract

total of §4,200,000, was not less than §1,750,000 ; and while this
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matter of cost is determined by the extent of the system, the latter,

in turn, chiefly determines the item of annual income, thereby regu-

lating in an important way the propriety of this extent.

The materials which have been used at various periods and in vari-

ous localities, and which may be noticed under a general head, are

stone and brick conduits, earthenware pipes and pipes of glass, bitu-

minized paper, lead, wrought iron, cast iron, zinc, tin, and other me-
tals, wood, and other materials, some of which will be discussed under

special heads.

Airangement.—The most perfect system in this respect is that

which transmits the supply to its consumers with the least loss in

pressure from frictional and other obstructions to its flow.

To this end, a subdivision in supply districts is requisite for any
system, properly controlled by lines of feeding mains, of adequate

calibre for free delivery and circulation ; and for want of proper at-

tention to this principle, the value of many supplies has been seriously

injured, under circumstances which render remedies difficult in appli-

cation.

In a number of cases, we find small and independent feeding mains,

attached to service mains as low in calibre as two, three, and four

inches. Not only does it result from this, that the pressure on the

house service is seriously vitiated, from a natural law in hydrodyna-

mics, but in the important special use of a fire supply, instances

abound where serious losses have resulted from a restricted discharge

at the hydrants on this account. And as experience proves that a line

of 4-inch pipe will not properly supply more than one fire engine, ex-

cept under an unusual pressure, it may be taken for granted, wherever

fire supply is an object, that all lines of this calibre should be short,

and connected with larger mains, and that 6-inch mains should be as-

sumed as the minimum for lines of general service. This principle

was adopted as a rule in the arrangement of the Brooklyn distribu-

tion, the use of 4-inch pipe being restricted to hydrant branches. It

is also adopted by the Croton Board for extensions of service.

Due attention to this arrangement of districts improves the opera-

tion and efficiency of tlie supply, admits greater extensions with less

loss in head, and a much more simple and eff"ective location of stop-

cocks, which control delivery, accidents, and repairs, and which need,

for this reason, particular care. The larger and more complete this

framework of feeding mains, around the special districts of service

mains, the better, within limits of reasonable cost, and subject to local

contingences of supply, pressure, demand, and extension ; and for

these, as thus determined, the calibres may range from eight, ten, and

twelve inches, to sixteen, twenty, twenty-four, and thirty. Some of

the Croton mains of this class are thirty-six inches in diameter. As
an illustration of forethought on this subject, and a good example, the

following extract is made from the Philadelphia Water Works Ileport

of April 19, 1855 :

"The distribution of the old city proper, although arranged in 1S19, hoforo any other in this country, is

yery perfect, the syBtem originally laid down having been strictly adhered to."'

"The city is crossed upon the highest streets, ruuuing north and south, by two supply mains of twenty



Hydraulic Engineering—Distribution. 147

inches diameter each; and in the opposite direction, through the centre street, runs a main of thirty inchcg

diameter; the whole plot is circumscribed by mains of sixteen inches diameter, reducing to twelve and ten

inches, and it is crossed north and south at intervals of about 1200 feet by mains of ten and twelve inches;

these again are crossed east and west by several mains of sixteen, twelve, and ten inches diameter (all con-

nected at proper intervals, and making a complete net-work of mains and feeders), supply the remainder of

the distribution, which consists of six, four, and three inch pipes. The arrangement is quite complete, the

only source of regret being that any pipes so small as three inches should have been used; but at the very

early date when the distribution was devised and commenced, they were considered more than sufficient.

Many new water works, however, executed within a very short period, and long after those of the old citj',

have, notwithstanding the advice and experience of Fairmount Works, fallen into the same error, and are

now suffering from the want of larger pipes and mains."

Usual Practice i7i Material.—ISTotvrithstanding the varieties of ma-
terial which may be and have been applied to water distribution, the

general modern practice has adopted the use of cast iron mains for

service. For house service pipes lead is generally used. These mate-
rials have several advantages and defects, which require special notice.

Cast Iron Pipes.—The strength and durability of this material ; its

facility for ready adaptation to the different forms of mains and their

special appurtenances; fsicility in making joints, and in tapping- for

house service ; in connexion with the influence of long established cus-

tom, comprise its chief advantages.

The ordinary form of joint in use, the "spigot and faucet," is tliat

made with a hub at one end of the pipe, expanded to take another
pipe, with a joint for gasket and lead packing, varying in width from
three-eighths of an inch upwards, and averaging about six inches in

length. These admit considerable expansion and contraction, and are

therefore preferred to flanch joints, or to the conical joints originally

introduced in London, and abandoned on account of frequent break-
age from this cause.

Special cases, however, frequently occur, where flanch joints may be
used with economy, and fully guarded against objectionable rigidity.

It is found, however, that expansion affects the lead joint sensibly,

causing it to " crawl " in its socket, particularly after the gasket is

destroyed, to remedy which in part, the hubs are cast with a counter-

sunk bead, which tends to hold the lead in place.

In pipe lengths and sizes, improvements have been gradually made
in foundry work, increasing the lengths from the old thirty inch sec-

tions of the Albany and other works, up to ordinary lengths of nine
feet, and more recent lengths of twelve and fifteen feet, with much
advantage in handling and economy in laying, since the expense at

the joints is a serious item of cost, the lead alone, independent of

labor, ranging in value from about 58 cents per joint for 6-inch pipe
to 8o-18 for 36-inch. Practically, at the foundries, there is but a slight

difference in cost per ton between the shorter and longer lengths, ex-
cept for very large diameters.

The usual test is that of 300 lbs. per square inch under hydraulic
pressure, in connexion with a hammer test, which may be made need-
lessly severe, with a pipe under great tension. This is equivalent to a
hydrostatic head of 690 feet, or about four times the usual pressure
in water works practice—245 feet, as at Albany, when the upper dis-

trict is connected with the lower, and 230 feet, as at Watertown, and
a few similar cases, being exceptional instances in the United States,
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although exceeded in some European supplies. This test, however, has

this fallacy, that it is applied only to the pipe castings, Avhile the joints,

as the true source of leakage, are laid without any trial, except that

of actual use. There is an extreme and hurtful zeal in one case, with

such a peculiar metal as cast iron, which may be permanently injured

before it shows any symptoms of yielding, and an oversight in the

other extreme, as to the ordinary points of damage. Unquestionably,

a considerable part of the loss of supply now attributed to house waste,

is due to defective joints in the service.

Objections.—The objections to the use of cast iron may be summed

up in its cost, its defects in casting, its loss of length and other de-

fects at the joints, the difhculty in breaking joints, and its liability to

destruction and discoloration of supply by oxides, and by tubercula-

tion, which also restricts its delivery.

Cost.—The excessive weight of metal used for the qualities in ordi-

nary application, involves items of expense for transporting and hand-

ling material, freight, distributing on line of work, and labor in laying,

as well as for value of material. To this is added the cost of jointing.

The weights for pipes of 12 feet length, may vary from 225 lbs. for

4 inches diameter to 4600 for 36 inches diameter, and the following

table will show the variation in standard, from two recent water works

schedules :

—

Cast Iron Pipes.—Standard Weight,

Length and Ciaes. 4 in. 6 in. Sin. 10 in. 12 in. 16 in. 20 in. 24 in. 30 in. 36 in.

9 feet A, . 330 430 680 1600 3000 3600

9 " B, 360 500 820 1900 3700

9^ " A, . 347 453 716 1682 3160

9i " B, 3?8 525 864 2000 3900

12 « A, . 920 2100 3960 4750

12 « B, 1080 2500 4890

12 " (to lay) 225 368 480 750 1432 2511 3845 4607

In this case the A class is arranged for a practical head of about

100 feet, and the B class of about 150 feet, the lengths including the

hubs ; the weights given in the last line refer to a head of about 120

feet, and the length is exclusive of hubs.

Including the value of the material, the cost of such pipes per lineal

foot laid, may vary from about ^b cents for 4-inch to about $9-50 for

36-inch, and readily aggregates a formidable sum.

This item can only be modified in amount by any substitutes, and

must always keep the distribution service in the front rank of expense.

We may have occasion to allude to these modifications under another

head.

Casting—In foundry work, this metal is liable to defects from va-

rious causes. Unequal shrinkage, uneven thickness, blisters, sand

holes, air cells, cold shuts, &c., may result from the spring of core

bars, yielding at the ends, displacement of core coating, unequal rate

of cooling, steam and air bubbles, the effects of local ebullition, and

of floating sand, slag, dirt, etc., on the hot metal. For these and other
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obvious reasons in grade of metal, pipe castings should be made ver-

tically, hub down, in loam moulds, and of a pure quality of iron. But
their quality is generally inferior, although yertical castings are com-
ing more fully into use.

Soft and impure iron is less strong and much more subject to oxida-

tion and tuberculation, than better grades, although the relative cost

of material operates strongly in favor of its use for water works by
contractors, while the same consideration favors green sand castings

in inclined and horizontal moulds.

Joints—By the common method of jointing described, it follows

that an increase in weight is required for the hubs, both on account

of their enlargement, and for additional strength to resist the process

of caulking ; and whatever length of pipe is appropriated to the joint

is a direct loss, varying from five to seven inches on each pipe. Eco-

nomy in movement and in jointing, therefore, urges the adoption of

the longest practicable lengths. It is also evident, that reduction in

number of joints must reduce the contingencies of leakage, so far as

affected by the operation of expansion, contraction, or other general

causes.

When it becomes necessary to take up a line of pipe, or a defective

pipe, the lead must be melted by a hot fire from several hubs, to

spring out one piece. This process is objectionable for several rea-

sons, but is inevitable with this manner of jointing.

Practically, all the tightness of a lead joint is included in the depth

of an inch or so, which is expanded by the action of the caulking tool,

the gasket serving no other purpose than a mould for the running lead,

and frequently defective in this office. There is room then for ques-

tion, whether the sleeves which are frequently used for jointing large

pipes may not be commonly applied with advantage, since they may
be easily and cheaply cast, save the losses in length at the hubs, are

jointed with double-caulked faces, and may be cut away and replaced

without the trouble, expense, and risk of a hot fire on the mains for

several lengths. It may also be said that flanch joints save the losses

in length, and as " face " or as " rust " joints may be made tight and
durable. They are also cheaper, altogether, than hub joints, and are

frequently used on large mains for special connexions. With occa-

sional " slip joints," or with occasional pipes or flanches cast to admit

expansion, their chief objection may be obviated.

The most perfect hub joint is that which is made with a full lead

packing, caulked both on the outside and inside. This secures a smooth
water-way, avoiding the use of gaskets, but can only be applied with

convenience and certainty to pipes of large calibre. The 36-inch force

mains of the Brookl}^ pumping engines have 7-inch hubs, jointed in

this way. In jointing, as in all other mechanical operations, good
workmanship is essential to any method which may be adopted.

Oxidation.—The natural action of water on cast iron pipes pro-

duces oxidation. It has been held that this effect is mainly controlled

by the constituents of the water in contact with the iron, different

qualities having difi'erent effects ; but it is much more certain that the

13 •
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constituents of the iron determine the rapidity and extent of oxida-

tion in connexion with those of the water, and as the most prominent

cause. A walk through any pipe yard after a rain, very clearly shows

how much more susceptible to this action some castings may be than

others, probably from the same foundry; and it is evident, without

argument in detail, that the differences in combination of material,

and in method of casting, must essentially affect the liability to this

action, and particularly with a class of castings which are impure, and

rudely manufactured, at comparatively low prices.

From the thickness of pipe which tlie quality of metal, rather than

the limit of resistance, renders obligatory in the foundry, the ordi-

nary process of oxidation involves no immediate danger to the cast-

ings under pressure. Its chief objection is found in the impregnation

and discoloration of the contents of the mains. Where the house-taps

are placed on the top of the mains, drawing their supply from the

purest currents, and the supply is not subject to extraordinary agita-

tion, oxidation may progress to a large extent, without making itself

apparent in the house service ; but if the hydrants are thrown open

for fire purposes, or other causes of general agitation occur, disturb-

ing the heavier particles in the mains, the evidences of their presence

become at once and prominently sensible, and in some cases render

the supply unfit for domestic use for a length of time. With unpro-

tected mains, this is an evil which can be remedied only in degree, as

to its palpable effects, while the process of destruction is as certain as

it is slow. Unquestionably, different kinds of water will differ in de-

gree of effect in oxidation, and different proportions of air in the same

water have also their degrees of effect; but the prominent cause is at-

tributable to the castings themselves, as being more or less impure,

and therefore more or less subject to oxidation.

(To be Continueil.)

The Economic Construction of Cfirders.

From the Lond. Civ. Eng. and Arch. Journal, May, 1862.

(Continued from page 88.)

Calculations of the Weight of Iron in the Booms.—The lengths of

the bays, except in the second form, are all equal to unity. In figs. 2

and 3, it may be observed that in certain cases, the first bay of one of

the booms may be omitted along with the end pillar: two additional

combinations thus produced will be noted in the table of final results.

It is impossible to make the estimates of the booms with minute

accuracy, as for this purpose the nature of every detail of construc-

tion would have to be specified. All we can attempt is to give values

to the factor a just so great as to cover liberally all extras to which

judiciously-designed girders may be liable. Thus, for instance, the

boom at the level of which the roadway is situated, will generally

demand an excess of material to counterbalance any cross strains

brought upon it, or augmentations of its longitudinal stresses from

the action of the principal horizontal bracing; but no special change

in the values of a for the boom on account of this will be made in

the calculations ; it will be understood that to meet it a small portion
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of the values of a may be abstracted from the one boom and transfer-

red to the other, the latter being the one at the level of the road-way.

Table X.

Ist Form of Girder. Estimate of the Weight of the Booms when the load is all at the

upper level.

Upper Boom. a. Stress. Weight.

1st Bay
2

3

4

Lower Boom.

•00180

•00070

•00060

•00055

•00067

•00045

•00045

•00045

4-5

13 5

19 5

22 5

6^0

15-0

21-0

24-0

•00810

•00945
•01170

•01238

.04163

•00402

•00675

•00945

•01080

1st Bay
2

3

4

•03102

Table XI.

1st Form, with the load at the lower level.

Upper Boom. a. Stress. W^ eight.

1st Bay
2

3

4

Lower Boom.

1st Bay
2

3

4

•00140

•00070

•00060

•00055

•00080

•00045

•00045

•00045

60
la-0

21-0

240

4^5

13-5

195
22^5

•00810

•01050

•01260

•01320

•04470

•00360

•00608

•00877

01012

•02857

Table XII.

2d Form, with the load at the upper level.

Upper Boom. a. Stress. Length. Weight.

1st Bay
2

3

4

Lower Boom.

•00170

•00070

•00060

•00055

•00067

•00045

•00045

•00045

5-3838

15-1707

20-7869

23-0000

6-0

15-0

21-0

24-0

1

1

1

1

M964
1-0659

1^0710

©•6667

•00915

•01062
-01247

•01375

•04599

•00481

•00720

•01012

•00720

1st Bay
2

3

4

•02933
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Table XIII.
2d Form, with the load at the lower level.

Upper Boom. a. Stress. Length. Weight.

1st Bay
2

3

4

Lower Boom.

•00140

•00070

•00060

•00055

•00095

•00045

•00045

•00045

6

15-0

21

24-0

3-6819

11-9133

18 2314
22^0000

0-8182

09256
0^9229

1-3333

1

1

1

1

•00687

•00972

•01163

•01760

•04582

•00350

•00536

•00820

•00990

1st Bay
2

3

4

•02696

Had the above two tables been calculated with one uniform value

of a for both booms, the total results would have been the same as

for the regular form similarly calculated.

Table XIV.
3d Form. The estimates of the Booms tor the two cases of a load at the upper and at

the lower levels, may be made alike for this girder.

Upper Boom. a. Stress. Weight.

1st Bay
2

3

4

Lower Boom.

•00081

•00065

•00058

•00055

OD

•00045

•0U045
•00045

10-5

180
22-5

24-0

GO
10-5

18-0

22-5

•00850

•01170

•01305

-01320

•04645

•00360

•00473

•00810

•01012

1st Bay
2

3

4

•02655

Table XV.
4th Form. Estimate of the Booms for both cases of the load being at the upper and

at the lower levels.

Upper Boom. a. Stress. Weight.

1st Bay
2

3

4

Lower Boom.

00

•00080

•00060

•00055

•00045

•00045
•00045

•00045

0-0

10-5

18-0

22-5

10-5

lS-0

22-5

24-0

•00800

•00840

•01080

•01238

•03958

•00473

•00810

•01012

•01080

1st Bay
2
3

4

•03375 f

i
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Table XA^I.

summary of results for the booms.

153

Top. Bottom. Total.

1st Case: Load at Top.

1st Form of Girder, . •04163 •03102 •07265

2d do., •04599 •0-2933 •07532

3d do.. •04645 •02655 •07300

4th do.. •03958 •03375 •07333

2d Case: Load at Bottom.

1st Form of Girder, . •04470 •02857 •07327

2d do.. •04582 •02696 •07271

3d do.. •04645 •02655 •07300

4th do.. •03958 •03375 •07333

Table XYII.

general summary of results for the girders complete.

(Composed from Tables IX. and XVI., &c.)

Without end With end pil- With end pil-

pillars. lars as ties. lars as struts.

1st Case: Load at Top.

1st Form, fig. 1, . •10566 •10836 •10926

2d " •10756 •11026 •11116

3d " fig. 2, . •11373 •11448 •12093

4th « fig. 3, •11730 •12203 •11910

2d Case: Load at Bottom.

1st Form, fig. 1, . •10423 •10693 •10783
2d " •10302 •10572 •10662
3d " fig. 2, . •10933 •11023 •11563

4th " fig. 3, •12097 •12637 •12297

3d Form, with load at top, and with end pillar and 1st bay of bottom boom omitted,
= 0^11013.

4th Form, with load at bottom, and with end pillar and 1st bay of top boom omitted,= 0^10297.

This table of results offers many interesting and instructive points
•worthy of attention, but we will only say a few words thereon. The
most remarkable general conclusion is, that the weights vary in a
much less degree than could have been expected; this arises from the
ratios of table IX. being in a great measure overborne by the reverse
action of those in table XVI. We must not, however, be misled by
this into undervaluing the importance of a consideration of the in-

clinations of the braces, for were the spans in proportion to the depths
much increased, we should get other results.

The most important arrangement is that wherein the end pillar acts

as a strut ; and for this, when the load is at the lower level, the re-
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suits are, as regards economy, in the order in which we would have

expected; when, however, the load is at the upper level, which will

generally form the cheapest arrangement for a bridge, it appears that

the regular form, fig. 1, ranks first in order of economy. With the

end pillars as struts, both the heaviest and lightest constructions oc-

cur when the load is at the lowest level, the heaviest, or that for fig.

4, being 15'33 per cent, in excess of the 2d form; when the load is

at the upper level, the heaviest, No. 3, exceeds the lightest, No. 1,

by 10-7 per cent.

It should be noted, however, that the absolutely most economical

structure is not included in the table ; but it is obvious that the re-

sults for it would difi'er very slightly indeed from the least of those

for the first two forms, and from this and constructive reasons, the

first or regular form, fig. 1, should always be preferred.

That modification of the fourth form in which the end bays of the

top boom and the end pillars are done away with, appears at first

sight to possess economic merits, but it would demand a considerable

addition of material to be devoted to steadying the top boom in a

lateral direction.

We will now show the use of the tables in calculating the actual

weights, in tons, of any girder, suited to bear a working load consist-

ing of one ton movable and half a ton fixed per foot run of the span.

The unit of length is = S -f 8 feet, and the unit of weight or stress

is = 1J s -f 24 tons ; and as the quantities in the tables are calculated

for the halves of the lengths of the girders, we have for the whole
weight

—

s 11 s
Weight of girder = tabular number X ^^ x -~ x 2 =

Tabular number • ( q )
or =: tabular number . d^.

Let us take examples of the regular form, fig. 1, with end struts

and the load at top. The tabular number for these will be = 0-10926,

and we have

Span for Calculation. Weight of Girder complete.

120 feet . . 24-58 tons.

130 " . . '28-85 "

140 " . . 33-46 "

150 " . . 38 41 «

160 " . . 43-70 "

These weights will appear to many engineers to be very light for

such spans (the girders being double ones, or each suited to carry a

whole line of railway) ; this lightness arises from the depth of struc-

ture. To show that there is really an excess of strength, we may
calculate the stress per inch of section in the various parts. The
weight of a prism of good rolled iron, one foot long and one inch in

sectional area, weighs very nearly 0-0015 tons, and as a in the tables

represents the weight of that fraction of such a bar required to con-

vey one ton of stress, the number of tons of stress per sectional inch
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of the part will be = 0-0015 -f a. Now, applying this formula, we
get the following stresses per sectional inch, on the supposition that
all the material of any bay or brace is available as though spread
over the calculated length.

Upper Boom. Stress in tons. Brace. Stress in tons.

Bay 1

2

3
4

Lower Boom.

0-833 Comp.
2-143 «

2-500 "

2-727 •'

2-239 Tensive.
3-333 "

3-333 "

3-333 "

A
B
C
D
E

F
G
H

2-5 Comp.
2-239 "
1-948 «

1-667 «

1-250 "

3-333 Tensive.
3-333 "
3-333 "

Bay 1

2

3

4

To arrive at the actually efficient sections, a^d the corresponding
stresses per sectional inch of metal, certain per centages would have
to be deducted from the values of a, given in tables I. and X. These
deductions would be much less in the case of struts than for the ties,

on account of less weakening from rivets, and less material required

for joint-plates. And it will hence be seen that the strength given to

t]ae struts is very considerably in excess of that very frequently, but
the writer thinks, with danger, allotted to them.

The gross weight of the ties in proportion to the weight of the effi-

cient portion depends so much upon the lengths of the plates used,

that no satisfactory rule can be given for estimating the extras ; the

two principal items are—1st, the part of the section cut through or

away by the rivet holes ; and 2d, the joint-plates. Now we may read-

ily diminish one. of these, but by increasing the other, so that, for

plates of a given length, there is some degree of uniformity in the

sum of these two additions of, in a certain sense, useless material.

As an approximation, we may estimate the various portions of a
thus :

—

Solid metal in section of tie

Metal rendered useless by rivet holes

Extra metal in joint-plates, rivets, extra length, &c.

= 100 or 69-0

= 25 " 17-2

= 20 " 13-8

145 1000

In the case of the bays of the lower boom, there will be no extra
length, but long joint-plates ; in that of the diagonal ties, there may
be no joint-plates, but the length may exceed that used in the calcu-

lations. According to the above estimate, we should take only 69
per cent, of a, in calculating the true stress per solid inch of section:

thus, when a = 0-00045, the stress so counted will be = 0-0015 -^

0-69 a = 4-83 tons.
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For a double girder with a span for calculation equal to 144 feet,

the weight is 35"4 tons, or in detail as follows :

—

Tons. Per cent, of whole. Approx. Ratios.

Top of Girder = 13-488 or 38-10 ^ ^ 2
Bottom of ditto = 10050 " 28-39 3 J

Web and Pillars = 11-862 " 33-51 3-5 1

Here we find that when the depth of our open-work girder is made
one-eighth of the span, the weight of the web complete is just one-

half of that of the booms taken together, or one-third of the whole.

If the depth be made only half of this, or one-sixteenth of the span,

the weight of the booms may be roughly estimated at double, or say

= 4 ; whereas, as explained in a former paper, the weight of the web
would not be materially altered—that is, it will still remain nearly

equal to 1, and the weight of the whole girder will be represented by
5. Now, in the best examples of plate girders constructed with a

depth equal to one-sixteenth of the span, the booms may be set down
at the same as for an open-work girder of equal depth,—that is, their

weight will be represented by 4, while the web is generally one-third

of the whole, or = 2.' So that, were we limited to such a depth of

structure for both descriptions of girder, the open-work one should

possess an advantage in point of economy of weight in the proportion

of 5 : 6. When, however, the depth of the open-work girder is made
one-eighth, and that of the plate one-sixteenth of the span, the ratios

will be as 3 : 6 ; each part of the open-work girder, viz : top boom,
bottom boom, and web, being then about half the weight of the cor-

responding part in the plate girder. This is a very rough comparison

to make on such an important point, and may therefore be allowably

objected to by the advocates of the plate forta of web; it is, however,

offered by the way, and we shall probably treat on the subject more
fully at some other time. R.H.B.

Edinburgh.

(To be Continued.)

Artificial Stone.
From the London Builder, No. 1008.

" Qute a new impulse" must now be given "to the external deco-

ration of buildings," according to Dr. Frankland, F.R.S., in conse-

quence of a discovery made and patented by Mr. Frederick Ransome,
of Ipswich, in connexion with his well-known artificial stone, produced
from water-glass and lime, with clay. Heretofore this artificial stone,

after its formation in a plastic state, required about one month to dry,

and another to be kiln-burnt. Now, it seems, the plasticity is super-

seded by stony hardness, not only without either drying or kiln-burn-

ing, but also in an hour or two's time ! The moulded or prepared
stone requires simply to be dipped into a solution, and the work is

done, even when the stone has been one weighing a whole ton weight
or more. The solution consists of chloride of calcium ; or, as it is more
properly callc 1 when dissolved in water, muriate of lime. When the
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moulded matter is dipped into this solution it is very soon saturated

with it, and a double decomposition takes place : the lime combines
with the silica, forming a silicate of lime, which is one of the two chief

cementing materials in all our cements, mortars, and concretes (car-

bonic acid being the other) : the muriatic acid combines with the soda,

of the water-glass, forming common salt, which is said to be "washed
off." How this can be, however, we do not see clearly: it must per-

vade the whole substance of the new-made stone; and might certainly

be rapidly extracted by boiling water, or more slowly by cold water,

or by rain m situ, leaving the stone more porous than before ; but we
do not mean to insinuate that hence the new-made stone cannot be a
permanent and really a stony product. Indeed, Dr. Frankland's ex-

periments with it seems to show that it must at once possess remark-
ably weather-resisting powers. On this point he says, keeping in view
the result of his experiments, " I should scarcely have imagined it

possible that an artificial material could in so short a time, and with-

out any application of heat, have attained such water-resisting pow-
ers." It was found, however, as was to be expected, that the stone

experimented on contained chloride of sodium ; so that this salt had
not been "washed off;" but it seems to be extractable without injury

to the tenacity of the stone, although w^ith an increase of porosity, as

Dr. Frankland remarks. Of the general results of his experiments,

Dr. Frankland says :
—" Whilst they point out the Portland, Whitby,

Hare Hill, and Park Springs, as the natural stones best adapted to

•withstand the influences of town atmospheres, they also indicate that

Ransome's patent concrete will be found equal to the best of these in

its power of resisting atmospheric degradation ; and, if the newness of

Ransome's stone (the specimen experimented upon not having been
made a fortnight) be taken into consideration, together with the well-

known fact that its binding material, silicate of lime, becomes harder

and more crystalline by age, I am induced to hope that Mr. Ransome
has invented a material Avhich, with the exception of the primary

rocks, is better capable of giving permanency to external architectu-

ral decorations than any stone hitherto used."

On reclaiming landfrom Seas and Estuaries. By Mr. J. H. Muller
(of the Hague).

From Newton's London Journal, June, 1862.

The author stated, that he understood works of this class to com-
prise an area either of salt marsh, samphire ground, slake, mud, or

sand, lying more or less above the level of low water and being re-

claimed from the sea by means of embankments, and drained by natu-

ral means through the sea banks. Reclaiming land was frequently

looked upon as a hazardous speculation, owing to the probable contin-

gencies where water had to be dealt with, and to the benefits being
generally prospective. It was often condemned on account of the state

of the ground, which was pronounced to be unsuitable for the pur-

VoL. XLIV.—Thibd Sbribs.—No. 3.—September, 1862. 14
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pose. But the question should not be determined in that way, for the

value of the ground before being reclaimed was no measure of the

merit of the proposal, which could only be decided by comparing the

cost of the necessary works with the improved value that would be

given to the land when that operation had been accomplished.

After contending that the effect of reclaiming or draining land was

to remove the cause of malaria or ague, and not, as had been errone-

ously asserted, to produce it, the author proceeded to point out, that

in designing such works, the object should be to enclose the largest

area with least length of bank, and the smallest average cross section.

These points were regulated by the direction of the sea bank, to which

attention was next called. It was sometimes recommended that the

sea bank should be as nearly as possible parallel with the current,

and at an angle to the prevailing winds ; but experience seemed to

show that, where creeks did not interfere, a different system was pre-

ferable ; and that one side should be boldly exposed to the full force

of the gales, and that the current should be allowed to act upon it al-

most at right angles, if, at the same time, that one side would shelter,

or protect the two other sides. By this arrangement a less extent of

bank required supervision during gales, and it also presented advan-

tages during construction. The line of the embankment should, if

practicable, cross creeks at right angles, and at the same level ; and

in all cases, care must be taken to secure the bottoms of the creeks

by aprons, to prevent them from becoming deeper.

The extent of land to be reclaimed at any one time was then con-

sidered, and it was argued that large areas were the least expensive

in the end ; for if a small area was selected at first, some portion of

the original sea-banks would be useless, when an increase became de-

sirable. If the banks could not be constructed entirely on the salt

marsh, it was preferable to go to half-tide level. The difficulty in the

construction did not increase with the size of the area reclaimed, but

depended upon the openings left in the banks. As instances :—In re-

claiming a piece of land of 1000 acres, by a bank three-quarters of a

mile in length, the seat of which was 6 feet below the level of high

water, only one opening, 7 chains in width, was left. In another case,

in reclaiming 1700 acres, by a bank four miles in length, the seat of

which was 8 feet below high water, three openings, of 5, 7, and 12

chains in width, were left. In neither case was the speed of the out-

going current materially increased during the progress of the works,

nor indeed until the cross section of the opening was diminished. In

completing the latter work, the aprons were raised 18 inches, or 2 feet

at a time, by wood work, stone, and clay. It was expected that the

current would increase in the third opening, when the two others were

raised ; but this did not occur, as the water within the enclosure did

not reach so high a level as that without; in fact, it never attained to

high-water mark. When the aprons were above the level of the re-

claimed land, the current on leaving became violent. This could not,

however, be avoided, in finally closing a bank.

Between the old sea bank and the edge of low water, the soil might

I



Reclaiming Landfrom Seas and Estuaries. 159

be divided into four distinct classes,—the salt marsh, of clay, about
the level of summer spring tides ; then samphire ground, slake or

mud, or rich alluvial matter, to half tide; next, hard sea sand; and
lastly, near low-water mark, quicksand. Banks entirely on the salt

marsh were the easiest and the strongest that could be made ; those

on samphire ground and mud were the most difficult. Slips were of

constant occurrence, the use of wagons and horses was impossible,

and a large proportion of the material was washed away as it was de-

posited, before the bank was consolidated, and raised above high-water

mark. In fact, for waste, settling, and contingencies, from 6U to 100
per cent, of the original quantity must be calculated upon as necessa-

ry. If a storm arose, during the progress of the works, the slopes

could not be protected ; and indeed a bank constructed on such a bot-

tom was always unsafe. When the line of the embankment was laid

at the half-tide level, or about the limit of vegetation, and on hard
sand, it was possible to make the whole of the reclaimed land fit for

cultivation, and this plan need not cost more, and was safer, than by
adopting the higher, but softer bottom. Banks on a lower level were
not advisable.

Having stated the conditions to be observed in the direction and
situation of the banks, the next question requiring attention was the

cross section. This naturally divided itself into two parts,—the main
body to resist the dead weight of the water when at rest, and the

mode of protecting the slope, to enable it to resist the action of the

water when in motion. With regard to the first point, the best cross

section was that where the centre of gravity came nearest to the bot-

tom, and to the toe of the bank. For this reason, steep slopes with a

cess or bench, about the level of high water, were preferable to flat

slopes without a cess or bench. Sand standing at its natural slope

was sufficient to resist still water.

Breaches in banks were attributable either to a small percolation of

water underneath the seat, or to the defence or protection of the slope

being insufficient. Frequently it was not possible to obtain clay in

sufficient quantities to form a puddle wall in the centre of the bank
;

and if the force of the wave was strong enough to break through stone
and wood, clay would not be able to resist it. Sometimes, at extraor-
dinary high tide, a breach would occur above the cess, but this rarely

happened, and the time during which danger could arise was so short,

that the evil might be remedied before the next returning high tide.

.When the water rose above the top of the bank, the back unprotected
slope was liable to be damaged, and thus to lead to a breach. This
might be averted by driving stakes into the top of the bank, and
placing planks, supported by clay or other materials, behind them.

With respect to the protection of the slope, there was a difficulty in

ascertaining correctly the force of sea-water when violently agitated.

Mr, Storm Buysing had stated, in his work on hydraulic engineering,
that the shock of the water and of floating objects against slopes, in-

creased in the same ratio as the sine of the angle formed by the slope

with the horizon. De la Coudraye and Bremontier contended, in
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their theory of the motion of the waves, that the water only moved
vertically up and down, without any horizontal displacement. It was
well known, that the sea had the power to destroy banks, and to dis-

place stones of considerable weight ; and the engineer must be guided

by experience, in dealing with these matters, rather than by specula-

tive opinions.

The materials employed for the defence of slopes were of three dif-

ferent kinds,—clay and grass flags, wood, and stone. When banks

were constructed on salt marshes, the body consisted of clay taken

from the adjoining excavations. In this case it was advisable, after

trimming the slopes, to sow coarse and meadow grass and clover seeds,

and to protect the whole with a crammat. This crammat, which cost

threepence or fourpence per square yard, was composed of a layer of

clean barley straw, about 2 inches thick, evenly laid, and fastened to

the clay by straw bands or strands ; 60 to 90 stitches being made per

superficial yard. In two or three years the bank Avas so consolidated,

that the mat did not require renewal. When these banks were on a

lower level than the salt marsh, a protection of clay and grass was
insufiicient. In such cases, a layer of clay, protected by stone, at a

slope of 4 or 6 to 1, was employed in England, but without a cess or

bench. This afforded the requisite strength, but it was expensive, and,

as usually constructed, it needed much repair. The author thought

that, when the bank was constructed on samphire ground, as within a

comparatively short period, a new salt marsh or fore-shore would be

formed, it would be suflicient to protect the slope of the bank with

wood, and that the slopes above the cess need not be protected, nor

be flatter than 3 to 1.

A description Avas then given of the protection by fascine work.

This consisted of layers of fagots, 5 or 6 inches in thickness, placed

in a direction up and down the slope of the bank, the thick ends over-

lapping the thin ends of the lower rows. These Avere fastened down
by stakes, Avhich Avere left 8 inches above the fagots, and were con-

nected together by means of Avillow binders, or "Avattles," something
like hurdle Avork. When the proper sort of wood was obtained, this

protection Avould endure from five to seven years, and was quite able to

resist the action of the tide. The strength of this kind of protection

might be increased, by increasing the number of stakes and binders,

or by filling in with stone, firmly Avedged between the roAvs of stakes.

The stone defence, as commonly constructed by the Dutch, on islands

exposed to the ocean, Avas formed thus :—When the slope was trim^

med, a layer of clay, 12 inch.es to 18 inches in thickness, was spread

over it, covered sometimes Avith a crammat. Over this, bricks in one
or tAvo courses Avere laid, and then from 6 ins. to 12 ins. of brickbats,

on Avhich stones from 12 inches to 18 inches in depth Avere set. This

Avork, though very durable, Avas costly, and hence should only be

adopted where security rendered it necessary: as, for instance, for

banks near to loAV-Avater mark. Details Avere then given of four dif-

ferent cross sections, and it Avas observed that, Avith a stone defence,

the slopes Avere recommended to be flatter, and the banks to be high-
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er, than where wood protection was employed ; for it was expected
that the former would be built in more exposed situations. In some
cases it had been found advantageous to introduce rows of oak stakes,

at intervals above the surface of the stone, to break the force of the
waves.

In the construction of sea walls or banks, the most difficult opera-
tion was that connected with the crossing of creeks, before alluded to,

especially when the bottom was 10 feet, 20 feet, or more under low-
water mark. In England, the usual plan was to fill in large quantities

of material from the sides ; but this was a costly method. In Holland,
on the contrary, the custom was to raise the bottom uniformly to the
level of low water by means of cradles. The cradle was formed of
brushwood, bound together by ropes and osiers, and was usually from
2 feet to 3 feet thick. It should be made on a flat sand, or silty

ground, about 3 feet below high water, of the full length of the open-
ing, and of proportionate width ; being perfectly flexible, it adapted
itself to the inequalities of the ground. It was stated, that particular

attention must be paid to the stakes or fastenings by which it was
held down, as the safety of the cradle depended entirely upon them.
After being so secured, it was weighted with clay, brickbats, and
stones. The mode of constructing a cradle, of floating it to its place,

and of sinking it in the centre line of the intended embankment, were
then minutely described. The sides of the opening were next protect-

ed with similar cradles, the lower end of each resting on that first

laid. Subsequently, other cradles were sunk over these, until the
work reached low-water mark, when the width of the embankment
was gradually increased by throwing in sods on the flood side, pro-

tected by fascine work, weighted with stone. The same process was
then pursued on the ebb side. When the surface of the creek was level

with, or above, low water, cradles were not required. In such cases,

the ground was covered with a thin layer of clay, protected by an
apron of fascine work.

In conclusion, the mode of constructing the banks themselves, by
side cuttings at least 20 feet from the foot of the slopes, was described;

and it was urged, that each part undertaken should be raised to its full

height in one tide, the exposed side being covered with a thin layer of
clay. In the next tide, this should be provisionally protected by a

crammat, and before the ensuing spring tide, the work should be finally

protected with stone or wood.

Description of the Delta of the Danube, and of the Works recently exe-

cuted at the Sulina Mouth. By C. A. Hartley, Assoc. Inst. C. E.
From the Civ. Eng. and Arch. Jour., April, 1862.

In the autumn of 1856, by virtue of the Treaty of Paris, the Euro-
pean Commission of the Danube, consisting of representatives from
each of the seven contracting powers, was charged to execute the
works necessary below Isakcha, to clear the mouths of the river as

well as the adjacent parts of the sea, of the impediments which ob-

14»
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structed navigation. This Commission, to which the author had acted

as chief engineer, was authorized to levy rates to cover the expense

of such works, on the express condition that the flags of all nations

should be on a footing of perfect equality.

In the preliminary studies of the three principal branches and

mouths of the Danube, advantage was taken of the charts made by

Captain Spratt, R. N., C. B.; and aided by these, and the author's

own surveys and personal investigations, a brief description was given

of the chief characteristics of the progress of the river through its

delta. The Danube, after a course of 1700 miles, during which it re-

ceived more than four hundred tributaries, and drained upwards of

300,000 square miles, passed in a single channel 1700 feet wide and

50 feet deep, the Bulgarian town of Isakcha, situated on the right

bank, at 30 and 40 English miles respectively below the large corn-

exporting ports of Galatz and Ibraila. Isakcha was 76, 78, and 90

miles from the sea, following the courses of the Kilia, the Sulina, and

the St. George branches, and 58 miles in a straight line. The head

of the delta was reached, at Ismail Chatal, or Fork, 15 miles lower

down, and here the fresh waters divided, never to re-unite ; seventeen

twenty-sevenths of their volume passing in an easterly direction by

the Kilia branch, and the remaining ten twenty-sevenths in a south-

easterly direction by the Toultcha branch. At 11 miles below Ismail

Chatal, this latter branch separated into two channels, the St. George

and the Sulina, discharging respectively eight twenty-sevenths and

two twenty-sevenths of the whole volume of the main river.

A short account was then given of the three channels, from which

it appeared that the waters of the Kilia were delivered to the sea by

twelve distinct mouths, only navigable for fishing vessels : that the

river portion of the St. George offered no real obstacles, having an

average width of 1200 feet, and a minimum depth of navigable chan-

nel of 16 feet, at seasons of extreme low water ; and that in the up-

per reaches of the Sulina, disaster of every kind was imminent, from

the many intricate windings and numerous shoals—the navigable

width being rarely more than 300 feet, and the depth over the shal-

lows during seasons of low water varying from 10 to 14 feet.

The delta proper was described as being bounded on the north by

the Kilia branch, on the south by the Toultcha and St. George

branches, and on the east by the Black Sea ; the enclosed space com-

prising an area of 1000 square miles, and forming a triangle of which

the Ismail Chatal was the western apex, and the sea coast, from the

mouths of the St. George to those of the Kilia, the base. During ex-

traordinary high floods, the delta, being unprovided with artificial

banks to contain the swollen waters, was almost entirely submerged ;

whilst at seasons of drought, its banks were elevated from 10 to 12

feet above the level of the river at the Upper Chatal, and from 8 to

10 feet at the Chatal of St. George. In the lower reaches of tlie three

branches, the level of the river was but little aff'ected by variations in

the upland waters. Adjacent to the mouths it never varied more than

1 foot, except when influenced by the wind. During high floods the
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inclination of the surface water of the Sulina branch was 3 inches per

mile, whilst during extreme low water it did not exceed 1 inch per

mile. At times of ordinary high water, when the current had attain-

ed a velocity of from 2| to 3 miles an hour, the Danube before it di-

vided at Ismail Chatal delivered a volume of water equal to nineteen

and a half millions cubic feet per minute : while in the dry season,

when the current was reduced to 1 mile per hour, the flow did not

exceed seven and a half millions cubic feet per minute. At times of

extraordinary floods, such as that which occurred in March, 1861, the

velocity was increased to 5 miles per hour, and the volume of water
then delivered amounted to sixty millions cubic feet per minute, or

eight times the quantity discharged at ordinary low water. It was
stated, as the result of careful observations, that when the waters

were most surcharged, they carried to sea at the rate of 1 cubic inch

of sedementary matter, supposing it to be solidified into coherent

earth, per cubic foot of water, and that not more than one-fortieth

part of this proportion was transported when the floods had subsided.

Thus, at the former period, upwards of 600,000 cubic yards of dilu-

vial detritus passed into the sea by the several mouths of the river in

twenty-four hours, and at the latter not more than 15,000 cubic

yasfis. The results of these investigations accounted in a great de-

gree, for the changes which took place from time to time, in the posi-

tion and extent of the sand banks forming the bars across the several

mouths. At times of high floods, these bars were further from the

shore, their magnitude was considerably increased, and the depth over

them was diminished ; their distance from the shore, and their height,

being much influenced by the direction of the prevailing winds. The
depth of the sea opposite the delta decreased to the north ; thus at

three miles from the land, the depth was 16 fathoms opposite the St.

George's mouth, and only 10 fathoms opposite the Sulina and Kilia

mouths.

During the interval, from 1830 to 1857, the shallows of the Kilia

advanced fully one mile in the direction of the Sulina mouth. This,'

combined with uncertain and changeable nature of the many branches
issuing from the Wilkov basin to the sea, and the distance of the bars
from the shore, were the chief considerations which induced the au-

thor to form an unfavorable opinion of the Kilia—in spite of its pos-

sessing the best river channel—and to recommend, in preference, the

improvement either of the St. George or of the Sulina, where the sea

depths were greater, and the advance of the sand banks was less re-

markable. In comparing the merits of the two latter branches, the

author arrived at the conclusion, that in nearly every respect the St.

George off'ered decided advantages over the Sulina. It is true, that in

order to reach the Kedrilles bar of the St. George, double the length

of works would be necessary; but when once the sand-banks were
passed, the greater sea depths opposite the St, George would insure

for a longer period a constant good navigable depth at the sea en-

trance. The St. George's mouth was situated at the most saliant an-

gle of the delta, was nearer to the Bosphorus, by 18 nautical miles,
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than the SuHna, and was more favorably placed with regard to the

safe manoeuvring of vessels during N.N.E. winds.

Although there was a great difference of opinion as to the merits

of each of the three principal branches, or mouths, all the technical

authorities, who had studied the question on the ground, agreed in re-

commending that, whichever mouth is chosen, the system of improve-
ment should be that of guiding the river water across the bar by
means of piers projected from the most advanced dry angles of the
mouth ; so as to concentrate the strength of the river current on the
bottom of the proposed improved channel, by an artificial prolonga-
tion of the river banks into deep water. After considerable discussion,

the Commission resolved to improve the bar channel of the Sulina, by
guiding piers of a temporary cliaracter, in order to give the speediest

rielief to the navigation in the cheapest manner; but it was distinctly

guaranteed that this should not prejudice the choice of the mouth to

be selected for permanent treatment. The author then received in-

structions to provide works which, for the expenditure of a sum limit-

ed to =£80,000, should have the effect of giving an increased depth of

at least two feet over a period of from six to eight years. This dura-
tion of time was based on the assumption that during such an inter-

val, either the St. George would be opened, or it might be considered
expedient to limit the improvement of the Danube to rendering per-

manent the provisional works.

The designs for the provisional works were then matured ; and as

it was found in practice, that the cost of strong timber cribs, to be
loaded with stone, and sunk at intervals of 20 feet along the line of

the works, would exceed the original estimate, choice was finally made
of a structure composed of timber piling and pierre purdue, surmount-
ed by a timber platform 14 feet wide, strengthened occasionally by
solidly-constructed cribs of the same width. The works were com-
menced on the 21st April, 1858, a temporary staging fixed on piles,

being always run out from 200 to 300 feet in advance of the perma-
'nent piling. The staging supported nine crab engines, by which three

rows of three piles, each 13 inches square, and 7 feet apart, were fre-

quently driven in one day to a depth of 16 feet into the hard fine

sand of which the bottom was composed. The piles were immediately
secured by double longitudinal walings and double cross-ties, the

whole being surmounted by two thick tram-pieces and planking, at 4
feet above the level of the sea. From this permanent platform the

close piling on the side next to the sea was driven. The daily rate of

progress during fine weather, was 20 lineal feet ; and as soon as this

length of sheet piles was completed, stones were thrown down to pro-

tect the footing in the sand, which was liable to be washed away by
the action of the sea. This scouring action of the sea was so serious,

when the skirt of the bar was reached, that it threatened at one time

to demand, for the completion of the works, double the quantity of

stone originally estimated. Several plans were tried to reduce its per-

nicious effects. That eventually adopted, and which was perfectly suc-

cessful, was to advance the open pile work with all possible expedi-
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tion, and then to pave the proposed seat of the pier with stones

delivered from barges. This pavement withstood the attacks of the

sea, and offered no great obstruction to the penetrations of the sheet

piles, which, without being shod, had frequently been driven 10 feet

into the ground, after having been forced through 8 feet of rubble

stone. The section of the finished stone work was described as being

a solid mass of closely packed third class rubble, resting on a broad

base, and narrowing upwards at slopes varying from 2 to 1, near the

pier heads, to 1 to 1 and 1| to 1 near the shore, until slightly below

the level of the Avater it became a mere ridge against the close piling.

The time occupied in the actual construction of the pier was thirty-

one months, exclusive of three winter months in each year, during

which the Danube was frozen over, and all work was suspended, but

inclusive of two hundred and seven days, when it Avas impossible to

work on account of stormy weather. The length of the north pier Avas

4631 feet, that of the south pier Avas 3000 feet, and the depth of Avater

in which they Avere built varied from 6 to 20 feet. In their construc-

tion, 200,000 tons of stone and 12,500 piles had been employed, and

the cost had not exceeded ten guineas per lineal foot. The stone Avas

brought from a distance of 60 miles, and its price delivered in place

varied from four shillings to five shillings per ton ; the oak used for

the longitudinal and transverse timbers and for the planking and

fender piles, cost tAVO shillings and threepence per cubic foot, while

the fir timber piles Avere delivered ready for driving for fourpence per

cubic foot. The Avorkmen, of Avhom there Avere generally 300, were

composed of men belonging to more than ten different nations. Labor-

ers Avere paid two shillings and sixpence and carpenters four shillings

and sixpence per day.

The changes Avhich had taken place at the Sulina mouth, consequent

on the projection of the piers, Avere then noticed. The depth on the

bar since the year 1829 had varied between the extremes of 7 and 12
feet, the least depth occurring during the subsidence of high-Avater

floods, and the greatest Avhen the deposits lodged by those floods had
been dispersed by autumnal and winter gales. In April, 1858, Avhen

the works Avere commenced, there Avas a navigable channel only 9 feet

deep over the centre of the long shoal forming the Sulina bar. In No-
vember, 1859, when the Avorks had been brought to a close for the

winter, the north pier had advanced 3000 feet, and the south pier 500
feet, and then the depth on the bar Avas 10 feet, Avhich was increased

to 14 feet by the folloAving April, although the Avorks had remained
stationary. Hopes Avere consequently entertained that the action of

the north pier Avould, in itself, be sufficient to maintain an improve-

ment ; but these expectations Avere disappointed, as in August, when
the north pier had reached a length of 4600 feet, the depth on the

bar had diminished to 9J feet. Every exertion was then made to bring

the opposite pier into play. Accordingly, during the next three

months, the south pier Avas advanced 1500 feet, and as it was now
within 600 feet of the north pier, the good effect of concentrating the

whole force of the river current directly on the bar became at once
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apparent. Thus, on the 30th of Noveml)er, 1860, there was a naviga-

ble channel of 12 feet, and on the 28th February, 1861, of 16 feet.

Then came the breaking up of the ice in the river, and the furious de-

scent of the extraordinary high floods, which caused so much damage
at Galatz, and submerged the whole delta ; but this time instead of

the depth on the bar being diminished, the swollen waters confined

between the two piers and directed in a proper line, fairly swept away
the remains of the bar on to the south bank and into deep water.

—

From that time to the present, the depth had never been less than

16J feet, and frequently it was as much as 17|- feet over a navigable

width of 500 feet. This result had been accomplished by works the

cost of which had not exceeded the sum that had been paid in one

year only for lightening vessels over the bar ; and without taking into

account the excellent shelter which had been afforded, and the great

risks which vessels formerly ran of being wrecked off the entrance.

In conclusion, the author expressed his gratitude to the members
of the European Commission of the Danube, for the generous support

he had always received ; and especially to Major Stokes, R. E., the

representative of Great Britain, whose enlightened policy, if allowed

to prevail, could not fail eventually to insure to the commerce of all

nations, the best possible means of water communication with the rich

corn-s;rowinof countries bordering; the shores of the Lower Danube.

On the Electrical Tests employed during tJie construction of the 3Ialta

and Alexandria Telegraph, and on insulating and protecting sub-

marine cables. By Mr. 0. W. Siemens, M. Inst. C. E.
From Newton's LoDdon Journal, Julj', 1862.

Having been employed by Her Majesty's government as the elec-

trician to superintend the manufacture and shipment of the Malta

and Alexandria telegraph cable, the author was in a position to speak

as to its actual state of insulation, at different stages of its progress,

and as to its general superiority compared with former lines. The
methods of testing differed essentially from those previously resorted

to. This was the first line that had been tested systematically through-

out; and the importance of a uniform and well-devised system of elec-

trical tests being carried on during the manufacture, shipment, laying,

and subsequent working of submarine cables, had been fully proved.

The covered strand of conducting wire, in lengths of one nautical

mile, was placed for twenty-four hours in tanks filled with water main-

tained at 75° Fahrenheit. It was afterwards removed into a pressure

tank, containing water at the same temperature, and when uniformly

heated, it was tested for conductivity and insulation, and the result,

expressed in units of resistance, noted. A pressure of 600 pounds per

square inch was then applied, and the electrical tests were repeated.

Before any coil was approved, it was rcijuiVed that the copper resist-

ance should not exceed 3-5 (Siemens) units, or possess 80 per cent,

of the conductivity of chemically pure copper ; that the gutta-percha

resistance per knot at 75° should amount, at least, to ninety million
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units, corresponding to 80 per cent, of the highest insulation that

could be obtained with the best gutta-percha of commerce ; and fur-

ther, that the insulation should improve when the pressure was appli-

ed, which was invariably the case when the covering was sound. The
coils were then transferred to Messrs. Glass, Elliot & Co.'s works at

Greenwich, where they were submerged in tanks until required for

the sheathing machine. The sheathed cable was coiled into large

tanks, and was always intended to be covered with water, but owing

to a defect in the construction of the tanks, this regulation could only

be partially carried into effect. It was also intended, in the first in-

stance, that the ships should be provided with water-tight tanks to re-

ceive the cable during the outward voyage ; but owing to the passive

resistance with which every deviation from previous routine was usu-

ally met, this plan was not carried out, until the heating of the cable

on board the S.S. Queeti Victoria had proved, at great cost, that tanks

were essentially necessary. There were other important advantages

obtained through the adoption of the water tanks, by which the causes

of failure in paying-out were avoided, and the operation was rendered

comparatively safe and easy.

In conducting the electrical tests of the Malta and Alexandria ca-

ble in the course of its manufacture, the chief object was to obtain

throughout strictly comparative results. For this purpose it was ne-

cessary to adopt a standard measure of resistance, by which to ex-

press both the conductivity of the copper conductor and of the insu-

lating covering. The standard measure had been supplied by Doctor

"Werner Siemens. The unit of resistance was that of a column of pure

mercury, contained in a glass tube, one metre in length between the

contact cups, and of one square millimetre sectional area, taken at

the temperature of melting ice. As the testing apparatus had been al-

ready described in the Blue Book " On the Construction of Subma-
rine Cables," it was not necesary to repeat it. In the appendix to this

paper, tables were given of the results of observations upon two sec-

tions of the cable, at various stages of their progress, between Malta
and Tripoli, and between Tripoli and Benghazi ; and diagrams were
exhibited representing graphically these results. On comparing the

insulation of the cables after being laid down, Avith the insulation ob-

served shortly before on board ship, there was a decided improvement
after submersion. This was partly due to the pressure upon the ca-

bles, the insulation improving 2 per cent, on an average for every 100
pounds of pressure upon the square inch, and partly to the lower tem-
perature at the bottom of the sea.

For working the line, Messrs Siemens, Halske & Co. had supplied

ink-recording instruments, fitted with peculiar arrangements for dis-

charging the residuary charge of the cable, and capable of being work-

ed by exceedingly feeble battery power. Although the line was divided

into three electrical circuits, messages were transmitted mechanically

and instantaneously, at the intermediate station, by a system of dou-

ble relay, or translation. By this plan messages could be sent instan-

taneously from London to Omsk, in Siberia, and there would be no
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electrical difficulty in establishing the same direct intercommunication

between London and Calcutta.

Respecting the construction of a cable of a more permanent charac-

ter than any hitherto made, to which the author had given much con-

sideration for many years, it was observed that, with regard to the

insulating covering, nature seemed to have provided only two suitable

substances—india-rubber and gutta-percha, combining permanent pli-

ability at all ordinary temperatures with high insulating property,

—

India-rubber had a higher insulating power, a lower specific induction,

and was capable of resisting higher temperatures than gutta-percha

;

but the latter could be put upon the wire in a plastic state by a die

process, and gave greater security against faults than the lapped india-

rubber covering. It was also less liable to receive accidental injuries,

to become sticky or semi-fluid when exposed to the atmosphere, and

resisted the action of water more perfectly.

The absorption of water by gutta-percha, india-rubber, and com-

pounds of india-rubber, such as vulcanized india-rubber, AVray's mix-

ture, and a compound with mica, under various pressures and tempe-

ratures, and from water containing different degrees of salt in solution,

had been fully investigated. These experiments served to show, that

an increase of pressure up to 50 pounds per square inch, did not in-

crease the rate of absorption, which was found to be more rapid from

pure water than from sea water, and from sea water than from brine.

Raw and unvulcanized india-rubber absorbed water in greater quanti-

ties than the other materials ; while next to gutta-percha, vulcanized

india-rubber showed, both in fresh and salt water, the greatest insen-

sibility to absorption.

The results of experiments on the insulating and inductive capaci-

ties of wires coated with india-rubber, in combination with gutta-

percha, compared with those of special gutta-percha and pure india-

rubber at different temperatures, were then given. The lengths

experimented upon varied from 600 to 2500 yards. The specific re-

sistance of special gutta-percha decreased from 9-11 at 50° Fahren-

heit, to 1"50 at 80° Fahrenheit, or to about one-sixth of its original

value ; while the combination of india-rubber and gutta-percha had,

under the same circumstances, only gone down to about one-third of

its insulation at 50° Fahrenheit. The inductive capacity of the com-

bined india-rubber and gutta-percha wire, and of pure india-rubber

covered wire, was as 0-7 to 1. Notwithstanding the comparatively

high insulating property of india-rubber, its low inductive capacity,

and its power to resist heat, its gradual dissolution in sea water was a

circumstance which alone rendered it inadmissible for submarine wires,

unless it was securely enclosed ia another water-proof medium, and
gutta-percha appeared, in every respect, well suited for such outer

covering. It was desirable that the india-rubber should be brought

upon the wire Avithout the application of heat or solvents, both of

which often entailed a gradual decomposition of that material, parti-

cularly when exposed to atmospheric influence in contact with copper.

Dr. W. A. Miller had stated that the liquefaction was the result of a
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process ef oxidation, from which it might be inferred, that the effect

could not take place where oxygen was excluded. It, moreover, was
important to produce a perfectly cylindrical covering, and taking ad-

vantage of a peculiar property of india-rubber cohering perfectly

where two fresh cut surfaces were brought together under considera-

ble pressure, the author had constructed a covering machine which
fulfilled the several purposes. Such combined india-rubber and gutta-

percha covered wires had been tried under various circumstances, ex-

posed to the atmosphere, to water, or the moisture of the ground, for

nearly two years, without betraying any signs of gradual deteriora-

tion of the india-rubber, or the appearance of faults. A circumstance
greatly in favor of the bi-covered wire was, that the gutta-percha
shrank upon the india-rubber covered wire, and when any mechanical
injury to the covering occurred, the yielding india-rubber was forced

into the gap by the elastic pressure exercised by the gutta-percha, and
prevented the appearance of a fault.

The outer covering of cables, as heretofore constructed, was cer-

tainly the least perfect part. An iron sheathing was very necessary
to protect the insulated core in shallow waters, but for cables in more
than 30 or 40 fathoms of water, the iron sheathing was an element
rather of weakness than of strength ; it rendered the cable ponder-
ous, its shipment expensive, the paying-out risky, and repairs impos-
sible ; owing to the difficulty of raising a heavy cable from a great

depth under any cirdumstances, and the absolute impossibility of do-

ing so after corrosion of the iron wire had made some progress.

When the Falmouth and Gibraltar cable was first contemplated, the

author, in conjunction with Mr. Forde, proposed to cover each iron

wire with gutta-percha, with a view to prevent oxidation ; but the sys-

tem was not acted upon, except by way of experiment. Mere protec-

tion of the wire was, however, not suflicient, in the author's opinion.

It was capable of mathematical demonstration, that in paying-out a
wire-sheathed cable, with a considerable strain upon the brake-wheel,

it would untwist while in suspension in the water, to a considerable

extent, causing elongation of the core to the amount of say one per
cent., or even more. On reaching the bottom, the strain and conse-

quent twist would be released. Copper wire could not be elongated
more than 2 per cent, without receiving a permanent set ; and it was
also a well-ascertained fact, that when a telegraph core had been
stretched at any time beyond the limits of elasticity of the copper,

the latter, being henceforth too long for the more elastic covering,

would tend to assume a serpentine form, and to push its way through
the insulating material by slow degrees, particularly in places where
short bends or kinks occurred.

Based upon these views, the author designed a sheathing of the fol-

lowing description:—The insulated conductor or core was passed in

the sheathing works through a series of three machines in close suc-

cession. In passing through the hollow spindle of the first machine, a
close spiral covering of hemp, previously saturated in Stockholm tar,

was applied in such a way, that each string was and remained under
Vol. XLIV.—Third Series.—No. 3.
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a given strain. The second machine was similar in construction to the

first, but supplied a second covering of hemp wound in the opposite

direction to the first. The rope, thus formed, passed next through a

stationary clip, with longitudinal grooves, to prevent it from turning

round in the operation immediately following, which consisted in the

application, under the influence of great pressure, of from three to six

strips of copper or other metal, which might best resist the action of

sea water. These strips were accurately guided into the revolving co-

vering tool, so as to overlap each other equally for nearly half their

Ibreadth ; the pressure applied being sufiicient to crush or socket the

one metal down where it was covered by the other. This cable had no

tendency to untwist ; its extension, with half the breaking strain upon
it, did not exceed one-half per cent., and being very stromg, and of

only double the weight of water, it would support about eight miles of

its own weight in the sea.

Considering that good ships sheathing lasted about ten years, when
the ship was at rest, and that the cable had two layers of metal, with

hardened tar between, it appeared not unreasonable to suppose, that

this sheathing would last at the tranquil bottom of the ocean, from

twenty to thirty years at least. Several short lengths of this cable

were now being tried, under various circumstances, and the results,

so far, were promising of success upon a larger scale.

MECHANICS, PHYSICS, AND CHEMISTRY.

International Exhibition.— The American Court.

Prom the Mechanics' Magazine, June, 1S62.

We resume our notice of this portion of the Exhibition in a desul-

tory kind of way. Indeed, no other course is permitted to us, as the

arrangement of the Court is itself desultory. No kind of classifica-

tion has been made, and we believe at one time it was doubtful whe-

ther an American Court would be opened at all. Even now we may
say that the arts and manufactures of the United States are unrepre-

sented. The collection we have in the south-eastern angle of the

building is not here through the patronage or encouragement of the

United States government, which has otlier work on hand. It was
through the enterprise and creditable ambition of a few private indi-

viduals, who were determined to show, at their own risk and on their

own responsibility, that there is inventive skill in America, which is

not afraid to measure itself against that of Europe in the same direc-

tion. Not a single Southern State is represented. This may be on

account of the blockade, but it is said that had there been no blockade

at all, the South, though she might have shown avcU in natural pro-

ductions, could have made no figure in manufactures or mechanical

inventions. Only two or three patents have been taken out in the

Southern States for many years, and these in the Carolinas. The
State of New York, and the Northern States generally, have been
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the fertile source of all the inventions "ffhich have been patented since

the Exhibition of 1851.

The United States Court is represented by Mr. Holmes, and his

son-in-law, Mr. Taylor, an eminent engineer. It is due to the ener-

gies and sacrifices of these gentlemen that America is represented at

all, and the things which their public spirit has brought together, in-

dicate the actively practical mind of their countrymen. There are

nearl}' a hundred articles in the various classes exhibited, and most of

them have the merit of novelty as well as utility.

As one might expect, sewing machines are well represented—those

of the lock-stitch, the chain-stitch, and the shuttle machine, with all

their peculiarities. They are successfully exhibited, and form a great

attraction. The rapidity and neatness with which these machines exe-

cute a variety of needlework, is amazing to those who know only of

the common needle as the grand making and mending instrument in

the household, and the symbol of the most distressing drudgery. As
we intend to devote a special paper to these machines, we pass them
by at present. In class 1, Mr. Feuchtwanger exhibits a thousand
specimens of minerals ; Mr. Meads, from Lake Superior, and the

Kew Jersey Zinc Co., specimens of zinc ores Avith their products, pig

and bar iron, and steel. In class No. 2, Mr. F. S. Pease, of Butfalo,

has a variety of mineral and animal oils for use in lubricating ma-
chinery, and as illuminating agents.

The various oils are shown to great advantage In slass cylinders of

various altitudes, and appear to attract great attention. We have coal

oil for lubrication ; oil from tar for machinery ; also signal oil, that

is, oil which may be used on locomotives, on the foremast of a ship,

or on a railway signal ; we have oil so limpid that it adapts itself ex-

cellently to the rapid motions of the sewing machinery, as it never

gets gummy. There is a sample of oil from compressed lard of amaz-
ing transparency. The latter goes by the name of winter oil, as at

S° under freezing point, it never coagulates, and is admirably adapt-

ed for the lamp in cold climates on that account. The engine and
machinery oil is equal to sperm, and much cheaper; it stands a great-

er degree of heat and a greater degree of cold than sperm oil, and
does not consume so fast. Mr. Pease has samples of petroleum in the

crude and refined state, which cannot be exhibited in the buildincr on
account of the fire insurance policy. There is, further, an oil shown
called "armor oil," which is intended especially for gun-locks, and
in Avhich our volunteers may perhaps feel an interest on account of

their Enfields and Whitworths.
By the side of these oils are exhibited hops, seeds, wheat, beans,

peas, buckwheat, and samples of starch and flour manufactured from
Indian corn or maize, of which there are shown a number of speci-

mens in the ear. The starch is extolled for the gloss it gives to the
linen or cotton to which it is applied. The flour is remarkably white
and fine. Samples are here, too, of* a farinaceous article manufac-
tured by the Glencove Starch Company of New York, under the

name of " Maizena." It is the purest preparation of the finest maize.
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In a short time, and without any trouble, it can be made into various

forms of diet, and is a good substitute for arrowroot.

Having disposed of these odds and ends, we proceed to notice a few

mechanical contrivances, and, first, near the south-east entrance, one

is attracted by a cork-cutting machine invented and patented by Mr.
Conroy, of Boston. There is one machine which cuts the cork into

parallelopipedons, and then into smaller figures of the same kind, ac-

cording to the length of bung or cork required. These smaller pieces

are brought in contact with a knife mounted on a circular horizontal

disk. The disk is put in motion by a large wheel similar to a cutler's

wheel, and a band running over a drum in immediate connexion with

it; or it may be worked by steam power. This disk, by means of

gearing, traverses a platform from right to left, and vice versa, by
which arrangement, a cork is no sooner cut on one side than a cork

is cut on the other. The square body to be transformed into a rounded

is placed in a groove ; the gearing seizes it in the manner of a piece

of wood in a turning lathe, by its extremities, advances it to the edge

of the circular knife, and in an instant the rough block of cork ap-

pears a shaped article wherewith to stop a beer barrel, a bottle of

champagne, or a medicine vial. The ease with which this machine

does its work is surprising. A clever corkrcutter, working by the

hand, can turn out, on the average, eight gross of corks a day. By
this machine can be made fourteen gross of corks per hour. In a day
of ten hours, therefore, two men can produce 20,160 corks or bungs,

while two men by the hand, in the course of the same time, can turn

out only 2304. The corks can be cut in perfect cylinders, or beveled

to any angle required by slightly elevating the horizontal disk. The
machinery is very simple, and ingenious through its simplicity.

A bolt is shown in one part of the Court, which has all the excel-

lency of the rivet, with this advantage over a rivet, that when re-

quired it may be moved from its place without any trouble. It is well

adapted for the frame-work of locomotives and railway carriages. The
bolt passes through an iron frame, or through wood-work, and is se-

cured behind by a nut. But inasmuch as a nut is liable to be unturned
in the extremity of the thread of the screw-bolt by vibration, and as

many railway accidents have happened from the fact of bolts having

parted for the want of their retaining nuts, in the present case the

nut is kept into its place by having a spring inserted into it, which
adapts itself to the ratchet-work of a hollow w'asher. The inventors

are Messrs. Lawrence and White, of Melrose, N. Y. Close to the

screw-rivet jbolt, is a contrivance for common land carriages. A coup-

ling iron, which accommodates itself to the oscillations of a carriage on
a rough road, without inconvenience to the horse or horses, and which,

fitted on the fore axle of a four-wheeled vehicle, answers all its radi-

cal motions, without being pinned like the bolt under the axle. It is,

in fact, a kind of universal joint, answering to every motion of the

carriage or of the horse, and which, if adopted generally, is likely to

prevent many accidents.

Scholl's life-boat is constructed on a novel principle. The model
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exliibited is rather a rouo;li one. It looks like a great green porpoise,

with a lid opening into his back. Look into the interior, however,

through the lid, and you discover the arrangements for the accommo-

dation of a crew and passengers—for the saved and the saviours, as

the case may be. The object of the boat is to pass through a heavy

surf with safety. The internal fittings of the boat are below the cen-

tre of gravity and of flotation. They are hung in the manner of a

binnacle compass, that is, be the motion of the external shell or hull

of the boat what it may, the persons within are always maintained in

a horizontal position. Indeed, let the boat turn round and round like

a spindle, Avhich is hardly possible, its passengers are nevertheless

unmoved. The steering apparatus is within, and so also all the ar-

rangements for a screw propeller. This boat has no outer deck ;
in-

deed, as we have said, in form it resembles a porpoise in the model,

and on a large scale it must be something "very like a whale."

There are four exhibitors of pianos, all of New York city or county.

These instruments vie in tone, and power, and in cabinet work, with

any in the other courts of the building. In power, we suspect that

they will carry off the prize against all competitors. We had the op-

portunity, at least, of listening to a square and a grand exhibited by

Steinway and Sons. The internal arrangements of these instruments

are novel; the strings are not all in parallels like those in the usual

pianos ; on the contrary, the bass strings are placed at acute angles

above the tenor and treble strings, iind obtain the full advantage of

the sounding board. The motions of the hammers are not impededTil
by this arrangement. The grand has seven octaves, and tone loud

enough for a large concert room, and yet, through the mechanical

arrangements of the instrument, it can be made to play as softly as

if it had been intended for a sick chamber. Amidst the many mu-

sical instruments to be found throughout the building, the visitor,

curious in these things, should by all means see the pianos in the

American court.

On the Law of Expansion of Superheated Steam. By Wm. Fair-

bairn, Esq., LL. D., F. R. S., and Thomas Tate, Esq. Received

March 20, 1862.
(Abstract.)

[ From the Proccpdings of the Royal Society, No. 49. ]

In a former paper selected for the Bakerian Lecture, entitled " Ex-

perimental Researches to determine the Density of Steam at difterent

Temperatures, and to ascertain the Law of Expansion of Superheated

Steam" (Phil. Trans. 1860, page 185*), it was shown that although

Dumas, Gay-Lussac, and other distinguished physicists, had deter-

mined the density of steam at 212°, it was, however, left for these re-

searches to ascertain the law of density, volume, &c., at all tempera-

tures, and also the law^ of expansion of superheated steam. These

experiments have therefore been continued, and have elicited re-

* Journ. Frank. Inst., yol. xli., page 379.

15*
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markable results as regards the rate of expansion at various tem-

peratures.

The earliest experiments on this subject were made by Mr. Frost

in America, but without sufficient accuracy to be of scientific value.

Mr. Siemens has also experimented on steam isolated from water; his

results give a much higher rate of expansion for steam than for ordi-

nary gases ; but, owing to some obvious defects of Mr. Siemens's

method of conducting the experiments, we consider his results are

not reliable.

For gases, the rate of expansion is expressed by the formula for

constant volume,

-^- = ?±A, (1)

where E is a constant determined by experiment, and decided by
Kegnault as 459 in the case of air. In the paper alluded to, it was
shown that, with a certain proviso, the rate of expansion of super-

heated steam nearly coincided with that of air. Within a short dis-

tance of the maximum temperature of saturation, the rate of expan-

sion of steam was found to be exceedingly variable ; near the satura-

tion-point, it is higher than that of air, and decreases as the tempe-

rature is increased, until it becomes sensibly identical with that of

air. The results upon which this law was based, were too limited in

their range for much numerical accuracy in the constants deduced.

Hence, it has been our object in the present paper to supply the

deficiency in the previous one, by affording experimental data of the

expansion of steam at higher temperatures, and with a greater range

of superheating than was possible with the apparatus employed in

ascertaining the density of steam. The results obtained in these later

experiments, however, confirm the general law deduced from the pre-

vious ones.

The apparatus used when the pressure did not exceed that of the

atmosphere, consisted of a glass globe 3 inches in diameter, and stem
35 inches long ; the capacity was known to a point where a piece of

platinum wire was twisted to mark accurately the point at which the

mercury column in the stem was to be brought to maintain a constant

volume in the globe.

A l^-inch tube, filled with mercury, rested upon the frame, and
enclosed the lower open end of the stem of the glass globe. The
weight of the tube and frame was counterbalanced by weights. By
such an adjustment, the tube could be regulated with facility, preserv-

ing the upper level of the mercury column at one uniform height. A
cathetometer with vernier, to read the lower and variable level of the

mercury column, was introduced. To heat the globe, the oil-bath was
used, fitted to the tube by a stuffing-box ; the oil-bath is itself im-

mersed in a mercury bath, surrounded by a coil of jets of gas.

The globe, filled with dry and warm mercury, the air-bubbles being

extracted by means of an air-pump, was inverted to form a Torricel-

lian vacuum. A small glass globule of water was then inserted, the
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platinum wire fixed in its place, and an india-rubber cap fitted to the

extremity of the stem. Being transferred to its place, and the india-

rubber cap replaced by an open glass cistern, so that the glass could

be elevated to its position, the jets were lighted, and the temperature

elevated to 300°.

From this point, the levels of the column were read off at intervals

of 50°, until the temperature of saturation was reached. The levels

were taken in a series of descending temperatures, to avoid the in-

fluence of steam boiling out of the mercury as the temperature rose,

and to eliminate the effect of the cohesion of the glass on the water,

as explained in our previous paper on the density of steam.

Twelve cubic inches of mercury were measured into the globe, and

a file-mark made on the stem, below which, at a distance of 14-45

inches, another file-mark was made, affording a fixed point for ascer-

taining the correspondence of the upper file-mark with the readings

on the cathetometer.

Let a be the reading on the fixed rod of tlie level of the column,

5, the reading of the lower file-mark on the globe-stem ; then h — a
= the height of the column of mercury on the globe-stem.

To correct for temperature, 7J inches of mercury, enclosed by the

oil-bath and its stuffing-box, were corrected for the temperature of

the oil, and the remainder of the column for the temperature of the

atmosphere at the time. By deducting the column so corrected from

the reading of the barometer at the time, the total pressure in the

globe is obtained. The reading-s of the thermometer are corrected

for the portion out of the oil-bath. The pressure of mercurial vapor

is calculated from data supplied with great courtesy by M. Regnault,

and embodying the results of unpublished experiments. The pressure

of this vapor is assumed to be the same as that in a vacuum, as the

vapor in the globe remains still for a sufficient time (it is believed) for

saturation to take place. In this view we have been strengthened by
M. Regnault's opinion. By deducting the pressure of mercury vapor

from the total pressure in the globe, the pressure of the steam is ob-

tained.

On referring to the experiments contained in the paper, it will be

seen that the law of expansion of gaseous bodies is expressed by the

formula,

E + f pv pvf, — PiV, ^
' * E — - ' '

E + i^
~ P V/

'

Pi Vi— P V '

where e is a constant. Taking Regnault's constant 459 as the rate of

expansion of air for constant volumes, a remarkable coincidence will

be observed in the experiments contained in the paper when reduced

to the same standard of value. The values of e thus deduced have

been placed in the last column of the calculated experiments. They
show a decreasing rate of expansion from the saturation-point up-

wards, until, at no great increase of temperature the rate of expan-

sion coincides with that of a perfect gas.

Taking from the tables the two results, which in each instance re-
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present the case of expansion at the greatest distance from the satu-

ration-point, we have the following values of E :

—

E = (1) 474-48 (3) 466-85 (5) 460-28
450-11 451-94

(2) 455-57 (4) 464-83
443-86 460-49

Mean value of E deduced from these numbers = 458-74.

Hence, the conclusion which we suggested in our previous paper

has been satisfactorily demonstrated by a more extended scries of ex-

periments, and the rate of expansion of superheated steam is shoAvn

to be almost identical with that of air and other permanent gases, if

calculated at temperatures not too close to the maximum temperature

of saturation. .

Neio Gas Engine.
From the Lond. Civ. Eng. and Arch. Journal, July, 1862.

It is stated that M, Lenoir and MM. Mays Brothers have succeeded

in constructing engines from |-horse to 3 or 4-horse power, actuated

by means of the expansion of ordinary coal gas, inflamed by electri-

city so as to act by its dilatation on each side of the piston alternately,

without any steam. As this is not an experiment, but actually in

practice with economy, the idea is neither "speculative " nor chime-

rical ; so it deserves notice. A M. Revillon says, " I had four men to

turn grindstones ; they cost me 12 francs per day ; I placed in their

stead one of these auxiliary engines of one-horse power, which does

all the work of the four men willingly and noiselessly for 6 or 7 francs

a day."

Another, INI. Bourgerie, states the working of a larger engine than

the latter. "I wanted," he says, "a motive poAver, and I was not au-

thorized to put up a steam engine ; I have placed in my factory an

engine (of the above nature) of 3-horse power, which has relieved me
from the emharras in which I was placed. A machine like this can

render the same service, in a thousand similar circumstances, to the

industry of our populous quarters."

The following is a description of the engine ; it consists of a hori-

zontal cylinder on a bed of cast iron, as in ordinary steam engines,

the connecting rod driving a crank upon the shafting, Avith fly-Avheel

and the usual gearing for distributing the motive power. By the usual

eccentric and slide valve the gas is admitted above and below the pis-

ton. Two of Bunsen's batteries are put into communication with Ruhm-
korflf's induction coil, whence the electric current is conducted by two

isolated wires to a distributor of electricity placed in front of the cylin-

der, so that the movement of the piston regulates the communication

of the wires to the " inflamers" {injlammateurs) placed inside each

disk of the cylinder, so that an alternate illumination takes place above

and below the piston, and produces the required horizontal movements.

The conserved gases arc driven off by a waste pipe from the valve box.

The whole is kept cool by a stream of water, the cylinder in a jacket.
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To set it in motion, all that is necessary is to turn on the gas and give

a help to the fly-wheel. As M. Leon Foucault says, it can be set in

motion or stopped " avec la mhne facilite qiion allume ou quon souffle

une bougie."

Steam Boiler Explosions.
From the Journal of the Society of Arts, No. 499.

At the last ordinary monthly meeting of the Executive Committee

of the Association for the prevention of Steam Boiler Explosions,

Manchester, held May 27th, 1862, Mr. L. E. Fletcher, Chief Engi-

neer, presented his monthly report, of 'which the following is an ab-

stract :

—

During the last month there have been examined 316 engines and
461 boilers. Of the latter, 9 have been examined specially, 10 inter-

nally, 71 thoroughly, and 371 externally ; in which the following de-

fects have been found :—Fracture, 6 (3 dangerous) : corrosion, 50 (7

dangerous) ; safety-valves out of order, 6 ; water gauges, ditto, 15

;

pressure-gauges, ditto, 5 ; feed apparatus, 1 (dangerous) ; blow-off

cocks, ditto, 31 (2 dangerous); fusible plugs, ditto, 6 ; furnaces out of

shape, 6—total, 129 (13 dangerous). Boilers without glass water-

gauges, 29 ; without pressure-gauges, 10 ; without blow-off cocks, 31

;

"without back pressure-valves, 33.

Explosions continue to occur to every description of boiler. One
has happened during the last month to a locomotive in the vicinity of

London, and another to a stationary boiler on the Clyde. Both of

these were—as it is hardly necessary to state—beyond the sphere of

the operations of the Association. Each of these explosions was at-

tended with fatal consequences, but I am not at present in possession

of the engineering facts.

The recent very frequent occurrence of explosions has monopolized,

by the bare recital of their details, the entire space of the late reports,

and left no room for considerations resulting from them, to which I

think it is important attention should be drawn, and this, therefore, I

now propose to do.

It will be remembered that one of the late explosions arose from the

failure of an angle iron, on which alone—as on a single thread-^a

large crown plate depended for its support. Several other explosions

occurred to externally-fired boilers through failure of the plates just

at the seams of rivets exposed to the flame. In some of such cases the

plate is found to crack at the rivet holes ; in others leakage occurs,

from which corrosive action sets in, and steadily continues until the

plate becomes so thinned that rupture and explosion ensue. Some
explosions have occurred from corrosion, consequent upon external

damp ; others from acidity of the water ; while others again, of some-
what earlier date, have been occasioned by the collapse of the furnace

tubes, consequent upon the weakness of construction, which would have
been remedied by the adoption either of flanched seams, T or angle-

iron hoops, or other similar means.
Thus it will be seen that all the above explosions occurred from the
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most simple causes, and that no mystery whatever need be attached

to any one of them ; while by suitable construction of the boilers in

the first place, and due attention to their state of repair in the second,

these explosions would in every case be prevented.

I am extremely desirous to keep this practical view of steam boiler

explosions constantly in sight, since I am persuaded no head Avill be

made against them generally so long as their causes are considered to

be matters of mystery, and their occurrence one of chance.

Very few of the explosions that come under my notice occur from

shortness of water, and I believe that to be a much-abused idea, and

the number of explosions resulting from it to be much exaggerated.

It appears to be an almost stereotyped verdict at inquests, and the

boiler attendant being frequently killed, there is seldom any witness

to the contrar3^

I find that by far the most frequent cause of explosion is the insuf-

ficiency of the boiler for its working pressure, either on account of its

original construction, or state of repair consequent upon use ; while

those explosions resulting either from deficiency of water, or from ex-

traordinary or reckless pressure, are comparatively rare. In other

vrords, to prevent misapprehension, I find that explosion is more fre-

quently due to weakness of the boiler than to excessive pressure of

the steam.

I know no means of ascertaining the sufficiency of the original con-

struction of a boiler, or of testing the weakness produced upon it by
wear and tear—in short, of testing either new or old boilers—equal

to the use of hydraulic pressure, and think all steam users would do

well to make systematic use of this test once a year. In France, I

believe, this plan is rendered compulsory by the government, and it

would be well were it generally adopted in this country voluntarily.

"Weak places in the plates may pass undetected, even on careful exa-

mination, Avhile some parts may be inaccessible and concealed from

view, but the hydraulic test is sure to detect and expose them all.

Its timely application would have saved that most disastrous explosion

which occurred some time since, here in Manchester, at a locomotive

establishment second to none in the kingdom for its high reputation,

and since a defect passed unnoticed at such an establishment, where
the construction of boilers, as wxU as the quality and strength of the

plates, may well be supposed to have been thoroughly understood, it

surely argues the necessity of the hydraulic test being applied.

Mr. Muntz, a steam user in Birmingham, states, in a letter publish-

ed on the Millfield boiler explosion, that he has for years adopted,

with advantage, the plan of an annual hydraulic boiler test, and con-

siders it a duty he owes to his workmen in consideration of their

safety.

The application of the hydraulic test is so simple, and the pump
required so small, that each steam user could provide himself with

one at very little expense, or some parties might find it worth their

while to take up the proving of boilers by water pressure as an itine-

rant speciality of engineering practice. This Association would be
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glad to assist in the general application of the hydraulic test, by in-

specting the boilers when under pressure, and I feel convinced that,
were the practice of this annual test generally adopted, which I trust it

soon will be, explosions ^Y0uld become nearly, if not entirely, extinct.

Neiv 3Iet7iod of Amalgamating Zinc.

M. C. Delamarre in a communication to the Cosmos, states that he
has found very satisfactory results in his galvanic batteries by dis-

solving from 12 to 25 grammes of bi-sulphate of mercury in the acid
of each cell of a large-sized Bunsen battery. He states that with this

precaution the zincs are always well-amalgamated, dissolve very slow-
ly, and never show the least sign of effervescence.

The Ordinary Sextant.
From Newton's London Journal, July, 1862.

Mr. F. C. Webb explained a modification of the ordinary sextant,

by which larger angles could be measured than with the instruments
now in use. Tavo sextants (by Messrs. Fletcher of Leadenhall Street,)

were exhibited—one of the common arrangement, and the other on
the modified principle.

It was stated, that when the arm of the common sextant was at zero,

the lines of incident and of reflection of an object seen in the horizon-

glass, formed a certain angle with one another, both at the object and
horizon-glass ; and that this angle, termed the constant angle, deduct-

ed from 180°, gave the extreme theoretical angle which could be mea-
sured. Practically, this measurement could be still further reduced,

by the limits within which it was possible to reflect an object from a
plane surface with accuracy, and which, if assumed at 170° instead of

180°, would give the angle from which the constant angle must be de-

ducted to obtain the extreme angle capable of being measured. The
smaller the constant, therefore, the nearer would this angle approach
170°, with a given amount of accuracy. It was observed that this con-

stant angle was dependent on the relative position of the object-glass,

the eye-piece, and the horizon-glass, and was, in fact, the angle formed
by a line drawn from the eye-piece to the centre of the horizon-glass,

with a line drawn from the centre of the horizon-glass to the centre of

the object-glass.

The reduction of this constant angle to a minimum was efi'ected, in

the modification alluded to, by placing the eye-piece very near to the

object-glass, and the horizon-glass as far as possible both from the

object-glass and the eye-piece. The extreme angle capable of being

measured was thus considerably increased, and with conditions more
favorable to accuracy ; for whilst the angles of incidence and reflection

in the object-glass were not smaller than in an ordinary sextant, those

in the horizon-glass were constantly larger. With a given angle to be
measured, the conditions were more favorable to accuracy, since the
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lines of incidence and reflection formed larger angles with the reflect-

ing surfaces, both in the object and the horizon-glasses.

In marine and land surveying, and in taking altitudes of celestial

objects with an artificial horizon (where the angle to be measured was

double the altitude), this increase in the capabilities of the instrument

was, it was believed, an advantage.
Proceedings Insti. Civil Engineers, May 20, 1862.

Cleaning of Plati^ium.

From the London Chemical News, No. 51.

Sir—A remarkably rapid and perfect method of cleaning platinum

apparatus consists in gently rubbing upon the dirty metal a small lump

of sodium-amalgam. Sodium has the curious property of lending to

mercury the power of "wetting" platinum in so complete a manner
that the positive capillarity between platinum and an amalgam con-

taining even only a few per cent, of sodium appears to be as great as

that between mercury and zinc, with this important difi'erence, how-

ever—in the former case the " wetted " metal does not sufler the least

trace of amalgamation. Even when foreign metals, such as lead, tin,

zinc, silver, are purposely added to the sodium-amalgam, the platinum

surface sufiers no disintegration.

When the amalgam has been rubbed on with a cloth, until the whole

surface is brilliantly metallic, water is applied, which oxidizes the

sodium, and allows the cohesion of the mercury to assert itself. On
wiping the mercury off', the platinum surface is left in admirable con-

dition for the burnisher. I suppose the sodium to act here chiefly as a

diluent, diminishing thereby the cohesion of the mercury, and allow-

ing the adhesion between that metal and the platinum to predominate,

a result which is certainly assisted by the mercury enabling the sodium

to ofi'er a clean surface to the platinum, and so allowing the specific

adhesion between the two latter metals to be exhibited.

I am, &c. F. G.
Labaratory, University of Edinburgh.

Removal of Nitric Acid Stains from the Rands. By M. Schwarz.
From the Lond. Chemical News, No. 53.

We know that nitric acid stains the skin yellow, and that it is im-

possible to remove the discoloration by ordinary re-agents. We know
also, that these stains disappear only when the epidermis is renewed.

M. Schwarz advises for their removal the use of sulphide of ammoni-
um, with the addition of a little caustic potash. By this means the

coloring matter is not destroyed, but the burnt epidermis is converted

into a soapy substance, which can be scratched off" Avith a small piece

of wood, the nail, or rubbed off" with sand. By washing with a little

dilute sulphuric acid, the skin becomes clean and recovers its natural

whiteness. M. Schwarz believes that in some cases the above combi-

nation might be used as a caustic, and that its application might

prove serviceable in certain aff'ections of the skin.

—

Mep. de Chimie.
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A Lecture hy Dr. W. Odling, F.R.S., on Mr. Graham's Researches

in Dialysis. Delivered at the Royal Institution Feb. 14, 1862.

From the London Chemical News, No. 118.

Before proceeding to unfold to you in regular order the subject

which I have undertaken to bring under your notice this evening, I

"wish to direct your attention for a few moments to one or two expe-

riments which, as some little time is required for their performance, I
will now set in operation, so that they may be ready for me to refer

to at a later part of my address. The instrument which I hold in my
hand is called a Dialyser. It is constructed somewhat like a tambour-
ine. It consists of a piece of membrane, or vellum, or parchment pa-

per, stretched tightly over a hoop of gutta-percha, so as to form a
Eort of tray capable of holding water, and capable of being floated

upon water. In each of these jars is a dialyser of similar construction

to the one in my hand, but somewhat smaller. We have in this bottle

a quantity of the red coloring matter obtained from coal tar, known
as Magenta ; and I am about to pour a little of it into one of these

dialysers. [A small portion of the magenta was floated in a dialyser.]

Now, I have here another red coloring matter, though a much less

brilliant one ; nevertheless it is possessed of very considerable tincto-

rial power, as I can show you by pouring a small quantity of it into

a glass of water. This is the coloring matter of blood. You perceive

that a very little of it is sufficient to impart a considerable degree of

coloration to a large body of liquid. Now, I will pour some of this

other red coloring matter—the coloring matter of blood—into this

second dialyser—[referring to one floating in another jar.] I have

here a brown coloring matter, caramel, obtained by the roasting, or

rather, heating of sugar. Its color, I suppose, will be tolerably appa-

rent at a distance. I will mix some of this brown coloring matter with

the magenta, and pour the two into the dialyser floating on the water

in this tall jar [referring to a third]. We will allow the whole to re-

main undisturbed some little time, and at a later period of the lecture

return to our examination of the jars in order to see whether or not

any eff'ects have taken place.

And now, by way of introduction to the proper subject of my story

this evening, I will recall to your recollection that intermixture, or

diff"usion, which takes place when two different liquids are in contact

with one another. I have here a tube bent in the shape of the letter

U, such a one as is ordinarily known in laboratories as a U-tube. Into

one limb I have already introduced a weak solution of common salt,

which, for the sake of greater distinctness, I have colored pale blue.

Into the other limb I now pour a solution of another salt—namely,

Epsom salts, or sulphate of magnesia, of about equal strength, which,

for the sake of distinctness, I have colored red. We have now in one

limb of the tube a weak solution of common salt, colored blue, and
in the other limb of the tube a weak solution of Epsom salts, colored

red. The question is, whether these two salts will remain separate, as

they now are, or whether they will mix with one another. We find,

Vol. XLIV.—Third Series.—No. 3.—September, 1862. 16
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as a matter of observation, that after a certain time a mixture does

take place. A slow diffusion of the one into the other occurs ; the com-

mon salt passes into the sulphate of magnesia limb, and the sulphate

of magnesia passes into the common salt limb, until a perfect uniformi-

ty of composition in the liquid is established. I may show you the ex-

periment in a somewhat different manner. Here, instead of taking a

double-limbed tube, I take a double-bulbed tube. The lower bulb is

filled with a solution of common salt, colored pale blue. I will now
pour in some water ; and here we shall have to consider the same
question as before. Will the heavy common salt remain at the bottom

of the tube, or will it gradually rise up into the light water ? Here,

as in the other instance, repeated observation tells us that the heavy

common salt will not remain at the bottom of the tube, as, by its su-

perior gravity, we might expect it would, but that it will, in opposi-

tion to the law of gravity, so far as that alone is concerned, rise up

through the light water. Now, this experiment, although a very well

known one, is, nevertheless, of considerable interest. We have to in-

quire why the common salt, which is heavy, should not remain at the

"bottom, instead of rising up to the top through the light water. We
admit generally that, in order to set a body in motion, the action of

some external force is required. Now, I would ask, what is the exter-

nal force which causes the heavy common salt to rise up through the

light water? I have poured in this water somewhat roughly, and there-

by have created a greater disturbance of the liquids than I intended,

so that some of the blue solution of common salt has, by a mere acci-

dental shaking, got into the upper bulb ; but, quite irrespective of that

shaking, a quantity of the common salt would gradually rise into the

upper bulb and into the stem above it.

The rising up of the common salt into the water is termed its diffu-

sion. The phenomena of liquid diffusion were first examined some 15

or 16 years ago by Mr. Graham, who has, with more or less of inter-

ruption, continued his researches upon the subject down to the present

time ; and it is to some of his results that I propose to direct your at-

tention this evening.

His first experiments were conducted by means of a process which

he termed " vial diffusion." The substance was allowed to diffuse from

a small vial or cylinder. The experiment was conducted somewhat in

this manner:—I have here two glass jars, one within the other. The
internal jar is filled nearly to the top with a solution of the chloride

of copper—the salt whose diffusiveness is to be made the subject of

experiment. I may here direct your attention to a similar experiment

which is going on in the actual kind of apparatus used by Mr. Gra-

ham. In the internal cylinder or vial of this jar we are causing the

difiusion to take place, not of the green salt, chloride of copper, but

of the yellow salt, bichromate of potash. You see the interior vial con-

taining the bichromate of potash solution, and the exterior jar the

water. Well, the experiment was conducted in this manner. The in-

terior cylinder was filled Avith the solution of the salt whose diffusive-

ness was to be ascertained ; it was then introduced gradually into an



A Lecture, on HesearcJies in Dialysis. 183

external jar of water, and the whole was set aside for some time.

Durin^gr that time a portion of the salt contained in the interior vial

diffused itself out into the exterior liquid. The experiment was termi-

nated by withdrawing the interior vial gradually, and then ascertain-

ing, by evaporating down the external liquid, or by some other means,

how much of the salt from the vial had got into the external water.

This Avas the mode in which his original experiments were conducted.

I may say, with regard to these two experiments which are in pro-

gress in the jars to which I have just referred, that they were arranged

this morning about eleven o'clock, and jou perceive that very little, if

any, perceptible diffusion has taken place. Nevertheless, some of the

salt has in each instance passed into the external liquid, as we might

very readily prove.

Now, among the very many interesting results to which this very

simple process gave origin, there are only two or three which have a

direct bearing upon the subject of my lecture this evening, and of them

I will now speak.

The first general conclusion arrived at was this :—that different

§alts differ very much from one another in the rapidity with which

they diffuse. That is shown in this table labeled "Vial Diffusion.^' A
series of these vials, perfectly similar to one another, having the same

capacity, and having, more particularly, the same area of opening,

were filled with the same quantities of solutions of the same strength

of different substances ; one with a 20 per cent, solution of common
salt, one with a 20 per cent, solution of sulphate of magnesia, one with a

20 per cent, solution of nitrate of soda, and another with a 20 per cent,

solution of gum. They were introduced respectively into jars of water

of this size and character—possibly into this identical jar—and allow-

ed to diffuse for eight days at the temperature of 60°. This table

[pointing to the subjoined] gives some of the results obtained :

—

Vial Diffusion.

Substance.

Chloride of Sodium,
Sulphate of Magnesia,

Nitrate of Soda,

Sugar, .

Gum, .

Albumen,

Diffusate.

58-68

27-42

51 56
26-74

13-24

3-08

It was found that from the 20 per cent, solution of chloride of so-

dium or common salt, 58-68, or rather more than 58J grains, had

passed out into the larger jar—had diffused in fact. Now, this quan-

tity which had passed out into the external jar was spoken of by Mr.

Graham as the diffusate. He found that from the 20 per cent, solu-

tion of sulphate of magnesia not quite 2T|- grains had diffused ; from

the solution of sugar 26'7-4 grains had diffused ; from the solution of

gum 13 grains ; and from that of the albumen only 3 grains.

Now, it is obvious from a mere inspection of this table that the
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process of diffusion might be made available to effect, at any rate, a

partial separation of substances—a partial separation, for instance,

of a bighly diffusive substance, like chloride of sodium, from a feebly

diffusive substance, like albumen. Thus, if we were to take a solution

containing equal weights of albumen and common salt, and were to

pour it into a jar of water, the ratio of the albumen to the common
salt would be the same in the dilute liquid resulting from the mixture

of the water into which we pour it and the solution, as it would be in

the original solution itself. But if, instead of pouring the solution

into a mass of water, we were to pour it into one of these vials, and

then allow it to diffuse into a mass of water, a very different result

would take place : for every 58 grains of common salt that passed out

there would be only 3 grains of albumen pass out into the external

vessel, so that whilst in the liquid into which we poured the solution

we should have the two compounds in the ratio of 1 to 1, or 100 to

100, in the liquid into which we allowed it to diffuse the ratio of com-

mon salt to albumen would be as 58i- to 3, or as 100 to about 5.

But even this is not all. Not only are we capable by diffusion of

effecting a partial separation of bodies which are merely mixed toge-

ther, but we are also capable of effecting the decomposition of definife

chemical compounds. I have here a piece of alum, a remarkably defi-

nite and crystalline body. It is a double sulphate of the two bases

potash and alumina. Now, if we make a solution of this alum, and

pour it into one of these vials, and introduce the vial into a diffusion-

jar and allow diffusion to take place, the tendency of the potash to

diffuse being much greater than that of the alumina, the potash actu-

ally breaks away from the alumina with which it Avas in combination,

in order to diffuse itself into the external water ; so that at the termi-

nation of the experiment we find in this exterior liquid a certain quan-

tity of free sulphate of potash, whereas in the internal vial we find a

certain quantity of free sulphate of alumina, which sulphate of potash

and sulphate of alumina have resulted from the chemical decomposi-

tion—that is, the breaking up of the chemical compound, alum, effect-

ed by the superior tendency which the potash had to diffuse over the

tendency which the alumina had. And so in a great number of other

instances, actual decomposition may be produced by the process of

diffusion.

Mr. Graham's later series of experiments on diffusion were conduct-

ed in a somewhat different manner. A certain quantity of water was

introduced into a jar, and the saline solution—the solution of salt,

whose diffusiveness was to be ascertained—Avas then carefully convey-

ed to the bottom of the jar by means of a pipette. I have here the

experiment on a somewhat large scale. AVe have constructed a pipette

out of a separator, and we will now allow a quantity of common salt

solution (which, for the sake of distinction, I have colored red) to pass

down through the water. AVe are now conveying it to the bottom of

the jar, where, you perceive, it forms a distinct layer. I have made
this experiment on a somewhat larger scale than Mr. Graham employ-

ed, in order that it may be seen over the theatre. Here, however, we
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have one of Mr. Graham's jars, in which an experiment was hegun

early this morning. It will be rather difficult for me to render it visi-

ble all over the theatre, but some of you will see that there is here at

the bottom of the jar a distinct layer of yellow liquid, namely, a solu-

tion of bichromate of potash, which was introduced this morning in

much the same manner as I am now introducing the red liquid. The
salt so introduced is allowed to diffuse into the superincumbent water.

The experiment is conducted for a certain number of hours or days,

and at the end of that time the exterior liquid is very carefully drawn
off from the exact top of the liquid by means of a syphon, in definite

layers. For instance, in this mode of conducting the experiment,

there were 700 cubic centimetres of the liquid, and 100 cubic centi-

metres of the solution of the salt to be diffused. After the diffusion

had gone on for some days, the top 700 centimetres of liquid were

drawn off in portions not of 100 but of 50 centimetres, so as to make
14 portions or layers of 50 cubic centimetres each ; a double layer of

100 centimetres beino; left at the bottom. The amount of salt which

had diffused into each layer was then ascertained by evaporatmg each

one separately, or the amount of salt contained in each layer was de-

termined in some other manner. Some of the results obtained in this

way are given in the table. I should say that, for the sake of distin-

guishing between the two processes, Mr. Graham designated this one

(that of the former experiment) as vial diffusion ; while this (the expe-

riment last described) he called jar diffusion. These, then, are some
of the results of jar diffusion :

—

Jar Diffusion for Fourteen Days.

Stratum. Common Salt.
i

Epsom Salts. ' Albumen.

1 •104 -007

2 •129 •Oil 1

3 •162 •018

4 •198 •027

5 •267 •049

6 •340 •085

7 •429 •133

8 •,^35 •218 •010

9 •654 •331 •015

10 •766 •499 •047

11 •881 •730 •113

12 •991 1-022 •343

13 1-090 1-383 •855

14 1-1S7 1-803 1-892

15 and 16 2-266 3-684 6-725

Let us consider the results obtained with a solution of common salt.

Originally there were 10 grammes of common salt introduced into the

100 centimetres of liquid which occupied the lowest layers. In the

top layer we now find only j'^jth of a gramme of salt ; in the 5th layer

we fine nearly y^ths ; in the 7th layer -^^ths ; in the 8th layer ^V^^

»

in the 12th layer /gths ; in the 13th layer ^^ths; and in the 14th

layer -J^ths of a gramme of salt. The two original layers, the 15th
16«
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and 16th, were not separated, but examined together, and in them
•were found f§ths of a gramme of the salt. Now, if we compare this

diffusion of common salt with the diffusion of albumen which took

place under precisely the same conditions, we find that, whereas there

was a considerable quantity of common salt in the topmost stratum of

the liquid into which that substance had diffused, the albumen in the

same time did not rise higher than the eighth stratum ; and whereas

in this case we introduced ten grammes of common salt into the low-

est hundred cubic centimetres of liquid, and found that out of those 10

grammes 7| had passed out ; in the case of the albumen we likewise

introduced 10 grammes into the lowest 100 cubic centimetres, and
found that less than 3 grammes had diffused into the superior strata.

Perhaps these results will be rendered more evident by means of this

diagram, which represents sections of the two jars. In the case of the

common salt the whole of the two lower layers were at first occupied

by the solution of common salt : at the end of the experiment we find

that the common salt has actually risen up to the very top of the

liquid, and could have risen considerably higher, as is shown by the

fact that the quantity of common salt contained in the top layer of

liquid into which it diffused is 20 times as great as the quantity of

sulphate of magnesia contained in the top layer of liquid into which

it diffused under precisely the same conditions. The common salt then

not only rose to the top, but it could have risen higher, whereas the

albumen rose only to the top of the eighth stratum. And whereas in

the one case we have little more than 2 grammes of the common salt

left in the lowest two layers, in the other case we have more than 7

grammes of the albumen, showing the great difference in the diffusive

nature of salt and albumen. Of all the bodies in this table, salt is the

most highly diffusive ; then sugar and sulphate of magnesia, which are

much alike ; gum, still less diffusive, and tannin much the same as gum ;

albumen, again, is still less; and caramel still less than albumen. Now,
these results of jar diffusion bear out generally those of vial diffusion.

"We are capable of obtaining the same separation of salts from one
another, and although my time is getting on very rapidly, I must for

one moment direct your attention to the actual separation that was in

this way effected. This larger table of the jar difiusion of mixed salts

refers to an experiment in which a 5 per cent, solution of common
salt was mixed with a 5 per cent, solution of the analogous chloride of

potassium ; and the two salts were allowed to diffuse together for a

period of 7 days at the temperature of 65°. Now, it was known that

chloride of potassium diffused more rapidly than chloride of sodium.

The results obtained by vial diffusion had shown that they diffused in

about the proportion of 10 to rather more than 8. Now, the uppermost
6 strata of the liquid, into Avhich the diffusion took place, were found

to contain, altogether, at the end of 7 days, 561 milligrammes of the

mixed salts, and out of that 661 milligrammes, 401 were chloride of

potassium ; so that these 6 upper layers contained, altogether, 72 per

cent, of chloride of potassium. At the beginning of the experiment,

the liquid contained of chloride of potassium and chloride of sodium
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in the proportion of 50 to 50 ; but in these top 6 layers we obtained a

mixture of the two salts in the proportion of 72 per cent, of the one,

and 28 per cent, of the other.

Now, this [pointing to another table] is a similar experiment, con-

ducted with the same base, but with different acids. Sulphate of soda

and chloride of sodium were mixed in solution and allowed to diffuse

for 7 days at a temperature of 55°, and with these results. I should

say that the difference in diffusibility between the sulphate of soda

and the chloride of sodium is very much greater than that between
chloride of potassium and chloride of sodium, being in the proportion

of 10 to 7, instead of 10 to 8. The first 6 strata contained altogether

263 milligrammes of mixed salts, and of those 263 milligrammes, 239
were common salt, and the remainder only was sulphate of soda or

Glauber's salt; so that nearly 91 per cent, of the mixed salt contained

in the 6 topmost layers was chloride of sodium, and only the remain-

ing 9 per cent, was sulphate of soda.

(To be Continued.)

Valuable Substitute for 3Ietal.

From the Loud. Mining Journal, No. 1.3S9.

Some two years since we mentioned the ingenious application of

adamas as a substitute for metal in the manufacture of gas burners,

and stated that the same substance was equally applicable to various

other purposes for which metal was then employed. The use of the

"adamas" burners has since that time become very general, and Mr.
Leoni, the inventor and manufacturer of them, has now succeeded in

introducing adamas taps and adamas machine-bearings, the working
of which has given the greatest satisfaction to those who have em-
ployed them. The mode of manufacture consists in reducing the sili-

cate of magnesia to an impalpable powder, and then moulding it into

the desired form, and annealing it, the result being that with the

greatest facility the utmost precision may be obtained. When employ-
ed for taps, the advantage is that an article is produced upon which
neither heat nor acids have any effect, at a merely nominal price,

and it is anticipated that at no distant period "adamas" steam cocks

will come'into general use, to which purpose the material is undoubt-
edly well adapted, since upon a trial of a couple of ordinary adamas
beer-taps (the price of which will be but Is. or 1.5. dd. to the retail

customer), the one began to leak at a pressure of 65 lbs. to the inch,

and the other stood upwards of 80 lbs. without being affected. But the

purpose to which the metal may be considered as more especially ap-

plicable, is for the manufacture of machine bearings, the test which
it has stood in this direction being certainly all that could be desired.

A steel spindle was run in an adamas bearing for 100 entire days
consecutively, at a speed of about 15,000 revolutions per minute, yet

neither the spindle nor the bearing show the slightest appearance of

wear, and several other experimental tests have proved equally satis-

factory. But as a single practical application is preferable to any
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amount of experimental testing, we may state that at tlie works of

Mr. H. Grisell, the well-known engineer, a bearing has been for some
time in use, and appears to succeed completely. They use it as a fan

bearing as a substitute for a Babbitt's patent white metal bearing,

brass having been previously proved to be quite inapplicable, owing

to the great friction and resulting heat, and, although the shaft makes
nearly 1000 revolutions per minute, it is found that the " adamas"
bearing remains quite cool, requires oiling but once a day, and shows

no appreciable signs of wear. In the position in question the life of a

Babbitt's bearing is five weeks, and it is confidently believed that the

adamas will last for more than as many months. Mr. Leoni intends to

place a machine showing the working of the bearings, with shafts and
spindles, making from 250 to 15,000 revolutions per minute, in the

forthcoming International Exhibition, and we have no doubt that the

value of the discovery will be appreciated by all users of steam-power,

whether in the shape of mining, marine, or industrial engines. For
the bearings to railway carriages it would also be especially adapted,

owing to the non-liability of adamas to become heated, and we hope

ere long to be enabled to record the result of its practical application

to this purpose.

The Ravages of the Limnoria Terebrans on Creosoted Timber. By
David Stevenson, F.R.S.E., M.I.C.E.

From the Loud. Civ. Eng. and Arch. Jour., July, 1862.

The following is an abstract of a very useful paper recently read

before the Royal Society of London :

—

The author stated that it would be difficult to estimate the value of

any chemical or mechanical process whereby timber might be render-

ed permanently impervious to the ravages of Limnoria terebrans, that

small but sure destroyer of timber structures exposed to the action of

the sea.

The ravages of that crustacean were first observed in 1810 by Mr.
Robert Stevenson, the engineer of the Bell Rock Lighthouse, in the

timber supports of the temporary beacon used by him in the erection

of that work. Having forwarded specimens of the insect, and of the

timber it had destroyed, to Dr. Leach, the eminent naturalist of the

British Museum, Dr. Leach, in 1811, announced it as a "new and
liigWy interesting species which had been sent to him by his friend

Robert Stevenson, civil engineer," and assigned to it the name of Lim-
noria -.terebrans (Linnean Trans., vol. xi. p. 370; and Edinb. Ency.,
vol. vii. p. 433).

The Teredo navalis, which was a larger and even more destructive

enemy, was happily not so prevalent in northern seas as the Limnoria;
Experiments made at the Bell Rock by Mr. Robert Stevenson, ex-

tending over a period of nearly thirty years, the detailed account of

which was given in Mr. Thomas Stevenson's article on Harbors in the
" Encyclopsedia Britannica," had clearly proved that teak, African
oak, English and American oak, mahogany, beech, ash, elm, and the
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different varieties of pine, were found sooner or later to become a

prey to the Limnoria. Greenheart oak was alone found to withstand

their attacks ; and even this timber was said in some instances to have

failed.

Mr. Stevenson's experiments also included the testing of the artifi-

cial processes of Kyan and Pain, the former being an injection of cor-

rosive sublimate, and the latter of proto-sulphate of iron. Timber pre-

pared by Kyan's process was attacked in two years and four months,

and in four years and seven- months was quite destroyed. Timber pre-

pared by Pain's process was attacked in ten months, and destroyed in

one year and ten months.

The justly approved creosote process, patented by Mr. Bethell, had

been largely employed in railway works, with universally admitted

success; and, in common with many of his professional brethren, the

author adopted it in several marine works, in the expectation that it

would prove an antidote to the Limnoria ; but having now ascertained

beyond all doubt that creosote was not a universal or permanent pre-

servative of timber used in marine works, the author proposed in the

present notice to state briefly the facts on which this opinion was

grounded.

Before doing so, however, he wished it to be distinctly understood

that he did not undervalue Mr. Bethell's highly important invention

as a preservative of timber against all ordinary decay incident to rail-

way sleepers, timber viaducts, and indeed all timber structures not ex-

posed to sea-water infested with the Limnoria terebrans. His remarks

referred exclusively to its application for marine works below half-tide

level. For all other classes of works he believed it to be a most valu-

ble preservative.

In 1859, in a discussion which followed a paper on the " Permanent

Way of the Madras Railway," at the Institution of Civil Engineers,

the author first stated that there were distinct evidences of the attack

of the Limnoria terebrans on creosoted timber used at Scrabster Har-

bor, in Caithness : while Mr. Bethell the patentee, and others, ex-

pressed their conviction that creosoted timber could not be perforated

by any worm or insect.

Subsequent experience and observation have satisfied the author

that the statement which he then made was correct ; the fact, as now
ascertained, beinsr that thoroughlv creosoted timber is, in certain situ-

ations, readily perforated by the Limnoria terebrans.

The first instance to which he referred was the pier at Leith, which

was executed about 1850, by the late Mr. Rendel. The whole of the

timber employed was creosoted on the spot in the most careful man-

ner. As the piers at Leith were washed by a constant admixture of

fresh water from the Water of Leith, the author expected that the

progress of devastation at that place would be so slow as to be hardly

appreciable on creosoted timber. But having carefully examined the

West Pier, he corroborated the evidence given by Mr. A. M. Rendel

in 1860, before the Select Committee on Leith Docks Bill, that not-

withstanding the most careful application of creosote, the timber work

has been attacked by the insect to a great extent.



190 Mechanics, Physics, and Chemistry.

The second case to which he referred was Invergordon. Two steam-

boat jetties were constructed at that place from designs by Messrs.

Stevenson, It was generally represented that there were little or no
traces of marine insects in the Cromarty Frith, and it was resolved

that it was a situation peculiarly suitable for employing timber pile-

work protected by creosote. The timber used in the work was care-

fully selected at Leith, and dressed to the necessary scantlings and
lengths, so as to avoid all cutting after it had undergone the process

of creosoting. It was then creosoted by an agent sent by Mr. Bethell

for the purpose, at the sight of a careful inspector employed by the

engineers. Every piece of timber was weighed before being put into

the tank, and the process of creosoting was continued until each piece

had received, as nearly as possible, the specified quantity of 10 lbs. of

oil per cubic foot. Some experimental pieces were from time to time

cut longitudinally, when it was found that the creosote had entered

the ends of the logs 18 inches to 2 feet, and that it had saturated the

timber some two or more inches all round. No greater precautions

could possibly be used to insure perfection in carrying out the pro-

cess, which involved an additional cost of about £450. The jetties

were erected in 1858, and now the superintendent's report was, " that

the blackened or creosoted portion of the timber is very much eaten

and perforated. The timber perforated is just as it came from the

creosoting tank, never having been cut. There is IJ inches wasted on
some of the piles that have been perforated."

The third case to which he referred was Scrabster, which was also

constructed under Messrs. Stevenson's directions. The timber em-
ployed in this instance Avas selected Memel of first rate quality; it was
carefully creosoted at Glasgow. On cutting up a timber that had been
attacked .by the Limnoria, it was found that the creosote had fully

entered at the ends and saturated the sides, and yet it was discovered

to have been attacked after it had been exposed only 13 months—the

insect perforating the blackened timber. The whole of the creosoted

portion of the timber work was now more or less worm-eaten and de-

stroyed. Mr. Leslie had also directed the author's attention to similar

results at Granton and Stranraer, at both of which places the creo-

soted timber had been perforated.

The author held that these instances were enough to prove that the

failure was not peculiar to one spot or one isolated case. If it was said

that the timber used at these places had not been properly creosoted,

it might fairly be concluded, that if the process, even when conducted
in the patentee's own works, to the satisfaction of careful inspectors,

was so difficult and uncertain in its results, its general applicability

would be greatly injured. All newly creosoted timber, whether it was
Avell or ill done, presented the same appearance externally; and it

was only by weight that the completeness of the saturation could be

judged of; and if careful weighing before and after the timber had
been creosoted was not to be held as an ample and satisfactory test

that the process had been properl}'- conducted, it seemed hopeless to

expect that perfect satisfaction could be attained. But it was so far
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fortunate for Mr. Bethell's system, that it was not needful in the cases

to which allusion had been made to call in question the extent of satu-

ration which his process secured when properly executed. The timber

at Scrabster and Invergorden, and he believed at the other places

named, was undoubtedly thoroughly and properly saturated ; and the

author said that the explanation of the failure was to be found in the

fact, that the Limnoria 'perforated tirnher tvliich had been thoroughly

creosoted and blackened—a fact which at once disproved the assump-

tion, hitherto so generally made, that the poisonous nature of the

creosote would prevent the insect from attacking it. As the Pholas

perforated stone to procure shelter, the Limnoria might excavate tim-

ber for the same purpose, and obtain its food from the minute animal-

cule with which the water of the ocean was charged. Dr. Coldstream,

in his elaborate paper on the Limnoria in the " Edinburgh New Phi-

losophical Journal" for April, 1834, had concluded that the Limnoria

fed on the timber, and not on animal substances ; but even if this were

so, there seemed no reason to conclude that creosoted timber could not

be eaten by insects, on account of the poisonous nature of the prepa-

ration employed. The author stated, that it had been ascertained that

there were insects that lived and fattened on food that was to man a

deadly poison. In the "British Medical Journal" for April, 1862,

there was an interesting notice on the subject. Mr. Attfield had there

shown that substances which are intensely poisonous to the higher

animals do not affect Acari, which he found not only readily ate, but

actually fattened on strychnine, morphine, and other deadly poisons.

But the author stated that the specimens which he had laid before the

Society proved conclusively that creosote does not act as a poison in

preserving the timber, because it could be seen that the Limnoria were
embedded in wood still highly charged with creosote.

After carefully considering the subject, the author had no doubt

that the process of creosoting preserved timber from the attack of

marine insects only so long as the oil existed as a film or coating on

the outside of the timber. Whenever the attrition caused by the motion

of the sea removed this outer film or coating, and exposed the fibrous

surface of the timber, the insect would then attack and perforate it,

whether it were creosoted or not, its search being for a fibrous sub-

stance in which to burrow. The time that might elapse before the

timber became assailable to these insects depended on the situation.

Wherever there was little abraiding action of the sea, the exterior film

of creosote might be longer preserved ; and where there was a consi-

derable admixture of fresh water to check the growth, or at least the

avidity of the insect, the effect of their ravages might be more gradual,

or, in some situations, almost inappreciable. But the result of the au-

thor's observation and experience led him irresistibly to the conclusion,

that on the northern shores of the country, where works are exposed to

the open sea, creosoted timber was readily perforated by the Limnoria,

and could not be safely employed in any important part of a marine
structure at or below half-tide level, a fact of great importance to the

civil engineer.
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Strength of Iron in Construction.

From the London Builder, No. 1011.

In a recent paper on the Properties of Iron, more especially with

regard to ship-building, read by Mr. Fairbairn at the Royal Institu-

tion, some remarks occurred which may be usefully printed.

The lecturer said as to

The Properties of Iron.—If we are desirous to attain perfection in

mechanical, architectural, or ship-building construction, it is essential

that the engineer or architect should make himself thoroughly ac-

quainted with the properties of the materials which he employs. It is

unimportant whether the construction be a house, a ship, or a bridge.

We must possess correct ideas of the strength, proportion, and com-
bination of the parts before we can arrive at satisfactory results; and
to effect these objects the naval architect should be conversant with

the following facts relating to the resisting powers of malleable and
rolled iron to a tensile strain.

The resistance in tons per square inch of

—

Yorkshire iron is . . 24-50 tons.

Derbyshire " . . . 20-25 "

Shropshire " . . 22'50 "

Staffordshire "
. . . 20-00 "

Strength of Riveted Joints.—The architect, having fortified him-

self with the above facts, will be better able to carry out a judicious

distribution of the frames, ribs, and plates of an iron ship, so as to

meet the various strains to which it may be subjected; and ultimately

to arrive at a distribution where the whole in combination presents

uniformity of resistance to repeated strains, and the various changes
it has to encounter in actual service.

There is, however, another circumstance of deep importance to the

naval architect ; which should on no account be lost sight of; and that

is the comparative values of the riveted joints of plates to the plates

themselves. These, according to experiment, give the following re-

sults :

—

Taking the cohesive strength of the plate at . . 100
The strength of the double-riveted joint was found to be . 70
And the single-riveted joint . . .56

These proportions apply with great force to vessels requiring close

riveting, such as ships and boilers that must be water-tight ; and in

calculation it is necessary to make allowances in that ratio.

The next question for consideration is the properties of iron best

calculated to resist the penetration of shot at high velocities ; and in

this I am fortunate in having before me the experiments of the com-
mittee on iron plates, which may be enumerated as under :

—

Specific

Gravity.
Tensile strength in tons

per square inch.

Coraprpssion per unit
of length in tons.

statical resistance to

punching in tons;

1 iu. plate.

7-7631 24-802 14-203 49-1804:

RemarTcs.—The specimens subjected to compression gradually
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squeezed down to one-half their original height : increasing at the
same time in diameter till they attained ninety tons on the square
inch.

In these experiments four descriptions of iron were selected, mark-
ed A, B, C, D: the two first and last were taken from rolled and ham-
mered iron plates ; excepting C, which was homogeneous, and gave
higher results to tension and dead pressure than the others.

In density and tenacity they stood as follows :

—

Mark on Plates. Density. Tenacity in tons. Remarks.

A Plates,

B Plates,

C Plates, homogeneous,
D Plates,

7 8083
7 7035
7-9042

7-6322

24 644
23-354
27-032

24-171

Here, it will be observed, that the strengths are in the ratio of the
densities, excepting only the B plates, which deviate from that law.

On the resistance to compression it will be seen that in none of the
experiments was the specimen actually crushed ; but they evidently

gave way at a pressure of 13 tons to 14 tons per square inch, and
were considerably cracked and reduced in height by increased pres-

sure.

For the Journal of the Franklin Institute.

" Gigantic Iron Casting,"

In the July Number of the Journal of the Franklin Institute, page
58, is an article headed " Gigantic Iron Casting," extracted from the

Lonclo7i 3Iechanics Magazine, January, 1862, giving an account of a
huge anvil block, weighing from 3-5 to 38 tons, cast by Fawcett, Pres-

tor & Co., Liverpool, for a steam hammer, to melt which two air fur-

naces and two cupolas were engaged ; the quantity of iron melted be-

ing forty tons. The time required to cast, from opening the furnaces,

being less than a quarter of an hour.

This was a heavy undertaking, and doubtless the "large number of

ladies and gentlemen who assembled to witness the operation of cast-

ing, were highly, gratified at the beautiful spectacle."

In a mechanical point of view, the casting of a similar piece at the
Port Richmond Iron "Works, I. P. Morris, Towne k Co., on July 1st,

shows a much greater capacity for doing this description of heavy work.
The block weighs 31 tons, and to pour it '^Ih tons of metal were

melted in one cupola in four hours from the time the blast was put on.

The quantity of air used in the blast was 4000 cubic feet per minute.
The coal consumed was one pound for each nine pounds of iron
melted.

The mould was filled in 4|- minutes pouring. The work was done
with the ordinary resources of the establishment, and without any
display or assemblage of visitors. W.

Vol. XLIV—Third Sehies.—No. 3.—September, 1863. 17
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For the Journal of the I'raiiklin Institnte.

RemarJcs on Force, Motion, and Inertia. By John C. Trautwine,

C. E., Philadelphia.

(Continued from page 120.
•)

Although we speak of applying extraneous force to a body, we, in

fact, usually apply it only to a certain point on the exterior of the

body. At this point the force gradually enters, as I conceive, unre-

sistedly into the body ; and diffuses itself equally throughout it. This

unresisted entrance appears to me to be proved by facts ; but apart

from them I cannot imagine it. AVe see that magnetic force passes

unresistedly through wood, stone, most metals, glass, i&c, and attracts

a piece of iron on the opposite side, with as much intensity as if no
obstacle were interposed.

The process of the equal diffusion of force, which consists (if I may
be allowed the expression) in the substitution of the element matter,

for the element velocity, (which two elements compose motion,) re«

quire some time, even in the densest bodies : and still more in porous

and elastic ones. As force requires time to move a body from one

place to another, so it requires time to diffuse itself throughout the

different points of a body. If we strike a piece of iron, our force ra-

pidly diffuses itself, and the whole piece appears to move at the very
instant the blow is given. There is, however, a short interval, although

not appreciable to our sight. But, if we strike a mass of cotton, the

striking body will pass some very appreciable distance into it, before

the moving force becomes equally diffused. The particles of cotton at

the point to which the blow was applied, will be moving rapidly for-

ward, before those most distant from it will have any motion commu-
nicated to them. Nay, the bloAV may be so rapid that the striking body
may pass entirely through the mass, without communicating motion
to the distant particles at all. This, I conceive to be, in consequence
of want of time; or, which amounts to the same thing, to want of

strength in the particles (adjacent to the moving body,) to transmit

so much motion at once. Thus we saw, in the case of the spring-ba-

lance experiment, that the index of the balance could be made to point

to several pounds at the instant of transmitting great moving force to

an unresisting weight of but 1 pound. Now, the string by which the

1 pound was suspended from the balance, would have broken, had it

*I must correct two entirely inadvertent slips of the pen which occur in the first part of this communica-
tion; and wliich escaped my notice until after the number of the Journal containing them was i.ssued.

On page 117, in the first two sentences commencing; with "If a ball," <tc., read respectively, "a re-action
of 20 foot-pounds ," and '• a re-action of 1 foot-pound ;" and omit the remainder of both sentences. Although
forces re-act only as they become static, we have, I believe, no means of comparing the intensities of moving
forces with those of static ones.

On page 119. fourth line from the top. strike out the words " Morin leading off." I have not seen the no-
motion, no-friction theory in print; but it is entertained by many jiersons, including some of my personal
friends of high scientific attainments. One of these, on my asking him why then a body did not slide down
an inclination less than the so-called angle of friction, replied th.it its inertia prevented it from so-doing. If
so, I presume that the inertia of matter is intimately connected with its smoolhntss : and may be modified
by oiling.

My edition of Silliman's "First rrinciples of Thilosophy," is of the year 1S69: but a friend has within a
few days shown me a later edition (IStil), in which the expressions to which I have objected in this commu-
nication, are omitted. I had quoted fi om Sillimau, because his book deservedly ranks among the very first

of our elementary works on Natural PhUosopby.
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not been strong enough to resist the strain indicated by the balance

;

and in that case, only a portion of our moving force would have been
communicated to the 1 pound weight; while the remainder would still

have continued in our hand.

This strain produced in the medium through which moving force is

transmitted to an U7iresisting body, or from one part of a body to an-

other, appears to me to be a result of the mysterious action of force

to which I have alluded. To persons accustomed to investigations of

such subjects, the whole matter may be very plain ; but to me it is at

present, entirely incomprehensible.

To render the source of my difficulty more clear, I will adduce an-

other example. If in the Attwood machine, the small body which gives

motion to the two large ones, be suspended from one of the latter by
a string, then the string will be strained by the moving force which it

transmits from the small weight to the large ones ; and yet I cannot
imagine that the large ones resist the moving force thus transmitted.

If the string be not strong enough to sustain the weight of the small

body, it will break, instead of transmitting the moving force. If the

string be but very little stronger than enough to transmit the mere
weight of the small body at the moment of starting from the top of

the machine, it will safely transmit the far greater moving force ac-

cumulated in the small body during its descent, because time is al-

lowed it during its descent, to do so by degrees, as fast as additional

motion is imparted by gravity. But if it were attempted to pass this

accumulated force through the string at once, it would break ; and no
more moving force would be transmitted through it to the larger bo-

dies, than the amount required to effect the breaking. Either the

string must be stronger, or more time must be allowed. The fact that

a bar of iron may sustain a suspended weight for days or even months
before being broken by it, shows that time is required for force to act

upon the several particles composing that body.

The ordinary coupling between a locomotive and a heavy train,

would break under the action of an engine capable of imparting to the

train, at one impulse, a velocity of 40 miles an hour
;
yet it safely

transmits the same amount of moving force when imparted by a suc-

cession of milder impulses.

So far as I can see, we have to admit one of two things ; either that

there is in matter a mysterious innate force called inertia, which re-

sists moving force; or that moving force will, of itself, sever mediums
through which we may attempt to transmit too much of it to unresist-

ing matter, as well as to resisting force. The Attwood machine ap-

pears to me to prove conclusively that no moving force is lost, or in

other words, resisted, or re-acted against; and that consequently there

is no inertia. The same machine may be made to show that weak me-
diums for the transmission of moving force to unresisting matter, will

break.

From want of time, cog-wheels break, when suddenly thrown into

gear ; and to the same cause are ascribable many other phenomena
usually attributed to inertia.
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The experiment which Morin adduces in proof that inertia is a re-

sistino- force is as follows :

\/

JS^

^ Let A be a block, lying on a table ; and
B another block, standing loosely on a.

Now if we suddenly give to A a rapid

push in the direction of the arrow, B will

fall backwards, as shown by the dotted

^I lines. Or, if we begin to move A very

slowly, in the same direction ; and gra-
u"VV dualhj communicate the rapid motion to

it, so as not to upset B ; and then suddenly stop the motion of A, B

will fly forwards, and will npset in the direction opposite to what it

did before. INIorin says that B falls backwards in the first case from the

resistance which its inertia opposes to motion ; and in the second case,

from the resistrince of its inertia to rest. He adds, that if the block B

be symmetrical, and we ascertain what weight, w, (suspended from a

string passing over a pulley, P, and attached at its other end to the

block B,) will overturn B, then it is evident that the energy of the in-

ertia of B is at least equal to that of the weight ; because it produces

at least as great an effect as that Aveight.

Now it appears to me that when in the first case, we suddenly give

A its rapid motion in the direction of the arrow, B falls backwards be-

cause we apply the moving force to A alone ; and there is no medium
at the joint between A and b, except the insufiicient one of friction,

for transmitting a rapid moving force from A to b. From the insuffi-

ciency of this medium, time is not allowed for equally substituting the

matter of b, for the velocity of A. There is barely time for the lower

part of B, which rests immediately on A, to receive some share of the

velocity of the latter, before said lower part of B, in company with A,

shall have moved away from under the top of B, so that B falls back-

wards.

I believe the reader will not deny that so rapid a movement can be
imparted to A, that there will not be time to communicate more than
the merest trifle of motion even to the lower part of B ; and that a may
be absolutely knocked away from under B so quickly, that B will be
left standing upright on the table ; especially if the joint between B
and A, be lubricated so as to diminish the value of the medium, fric-

tion.

Now, according to the inertia theory, moving force is in this case

actually transferred from A to B ; but the inertia of b resists, or re-acts

against said moving force, and thus enables B to stand still; whereas
my idea is that B stands still, simply because the joint between it and
A, is too inefficient a medium to transmit the rapid motion of A to B

;

or, in other words, that B being inert matter, does not move because

we have not given it moving force. It appears to me that the inertia

theory requires us to assume that the lubrication of the joint increases

the inertia of b ; inasmuch as B moves less when the joint is lubricated,

than when it is not.

Again, if we apply motion to A, by instalments so small that they
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may severally be transmitted through the joint, and have time to be-

come equally diffused throughout B, until they shall suffice to produce

rapid motion in B, without upsetting it ; and if then we suddenly stop A,

B will fly forwards, not in consequence of inertia, but in consequence

of the moving force which Ave have put into it. There is no sufficient

medium at the joint between A and B, by which this moving force of

B can be transmitted back to A at one effort ; and of course B must

move forwards until it meets with some re-acting force which shall

stop it. Had B been glued to A, the cohesion of the glue might have

afforded this re-acting force ; or had the glue been too weak to stop B

entirely, it would at least have transmitted from B to A, the amount of

force which was required to sever the glue. B upsets in both cases from

the same cause.

So with persons in a carriage. If the horses start off suddenly, they

impart rapid moving force to the carriage. The friction of a passenger

against his seat, and that of his feet against the floor, serve as medi-

ums for transferring the moving force of the carriage to those parts of

his body. But if his head is not leaning against the back of the car-

riage, then the carriage, and said other parts of his body, will be

moved forwards rapidly, before the elastic medium of the upper part

of his body has had time to transfer motion to his head ; which conse-

quently will remain comparatively at rest, until the back of the car-

riage comes up to it, and by a violent thump compels it to move for-

ward with the body to which it is attached. The head is not thrown

backward against the back of the carriage, but the back of the car-

riage is moved forwards against the back of the head.

If the carriage stops suddenly, the passengers will be still carried

forward, not by inertia, but by the moving force which has been accu-

mulated in them ; unless they avail themselves of some medium suffi-

cienth' strong to transmit said moving force back again to the carriage.

This they generally do by grasping the hand-straps of the carriage

itself. If the straps happen to be too weak for transmitting so much
force all at once, they will at least transmit the amount which was
necessary to break them ; and the remainder will probably be render-

ed static by the striking of the body against the front of the carriage.

It appears to me that if there were a force inherent in matter, such

as could enable it to resist even the slightest moving force, then there

would be a certain slope within the limits of which Avater would not

"seek its level." Or suppose a pair of scales, absolutely devoid' of

friction, and that in the scale-pans were placed equal masses of mat-

ter, each as heavy as our earth. Would not a single grain of sand

added to either mass, communicate motion to both, in precisely the

ratio existing between their united weights, and the weight of the

grain of sand? Where and how great then is the force of inertia in

the two earths ; from what is its existence at all inferred ; or what
ratio does it bear to the weight of the grain of sand ?

In conclusion, Mr. Editor, although aware that your pages are kind-

ly offered to those who desire through them to seek for information, I

eannot but feel sensible that I have trespassed too far on your indul-

17*
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gence in this instance. I feel a strong conviction that the views -which

I have expressed are to some extent, if not altogether, erroneous. The
eminent authors whom I have quoted as entertaining other opinions,

are perhaps sufficiently conclusive evidence that such is the case.

Still it is plain that even they differ materially from one another; and

"what shall scholars do, when masters disagree?" Not conceiving it

to fall within the province of the merely practical engineer, to attempt

the investigation of principles so specially appertaining to abstract

science, I have not pretended to do so ; indeed, I do not possess the

acquirements necessary for that purpose ; but have contented myself

by endeavoring to show the difficulty under which 1 labor in attaining

such an insight into the subject, as will inspire me with confidence in

practical cases ; and hence have allowed no false shame to deter me
from exposing an ignorance which I see no better means of removing.

The questions which I should like to have answered are these

:

1st. If when a body in motion strikes a body at rest, action and re-

action are equal and opposite, where do we find the two equal, and

opposite forces, which thus act and re-act against each other; and how
much of the motion of each is lost thereby? Or can there be re-action,

in the strict sense of the word, without absolute destruction of motion?

If so, define re-action.

2d. Inasmuch as it is certain that the so-called inertia of matter does

not resist, or re- act against all of any moving force which may be ap-

plied to it ; against what per centage of such force does it re-act? and

cannot that be ascertained by first finding what the quantity of motion

in the weights of an Attwood machine should be, in case there were

no resisting inertia ; and then observing what quantity they actually

have? Would not the difference be the loss arising from the re-action

of inertia?

These questions involve the entire source of my difficulty, in com-

prehending the matter. I have of course, had reference, in most cases,

to inelastic bodies.

For the Journal of the Franklin Institute.

Decision of the Hon. James Dunlop, Judge of the Circuit Court of

the District of Columbia, in the matter of the Appeal of Jeptha
Dyson, in his Re-issue case, relating to Carding Engines, from the

Decision of the Commissioner of Patents, September 21, 1860.

—

Reported by H. Howson, Esq., Philadelphia.

Ex-parte—Jeptha Dyson's Appeal.

This is an appeal to me by Jeptha Dyson from the decision of the

Commissioner of Patents of date 7th July, 1860, refusing him a re-

issue of his patent of the 20th February, 1849, for improvements in

carding engines, with amended specifications and claims.

The gist of Mr. Dyson's invention is the differential motion of the

stripper a, introduced upon the engine to clear the main cylinder c of

the cotton imbedded in it in the process of carding, without stopping
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the machine, by this self-acting contrivance. His original specifica-

tion described only the fast motion of the stripper A, which fast mo-
tion was of a surface speed, exceeding the surface speed of the main
cylinder c, the eftect of which was to make A a clearer of C. It did

not describe the slow motion of the stripper a, reducing its surface

speed below the surface speed of the main cylinder " c" by means of

a loose pulley on the shaft of A, the effect of which slow or differen-

tial motion of A at intervals made " C " a clearer of A, and enabled A
again to resume its function of clearing the main cylinder "c," and
thus to keep the engine in constant working order.

Mr. Dyson's original patent is inoperative and invalid as a self-

acting contrivance to clear the main cylinder, by his failure to de-

scribe this differential motion of A. Without it A cannot be itself

cleared when clogged with embedded cotton in it, and so cannot per-

form its function as a clearer or stripper of C. Mr. Dyson has sworn
that his omission to describe in his specification this differential mo-
tion was by accident, mistake, or inadvertence, and without any
fraudulent or deceptive intention, and that he designed originally to

patent it in February, 1849 ; and he has proved by four witnesses

that, before the original patent was applied for, they saw Mr. Dyson's
engine worked with this differential motion, and that it was never
"worked otherwise.

The Office has rejected Mr. Dyson's re-issue application because the

original specification, model, and drawing, do not, nor does either of

them, show the differential motion ; and they refuse to look at any
evidence outside the record, as they call it.

They refuse to receive any proof other than the original record,

however plenary it may be, to show this differential motion to be the

same invention, intended to be patented by him in 1849, although the

original specification and claim, in asserting a self-acting contrivance,

does point to some other mode of clearing " c" than is set forth

therein.

I agree with the Office, it is too obscure and vague alone, and with-

out further proof in aid of it, to be the basis for inserting in the re-

issue the differential motion ; it is at most a circumstance to uphold
and fortify the aliunde proof or the evidence of the witness outside

the record.

Can such outside proof, if plenary and credible, sustain the re-issue?

This depends upon the true interpretation of the thirteenth section of
the Act of 1836.

The question is not free from difficulty, as will be apparent when I
state it has been decided differently by two able and distinguished ex-

Commissioners of the Office. I refer to the case of Jeremiah Carhart,
decided by Judge Mason in 1856, and to the case of Adriance, as-

signee of Gale, decided in 1858 by Judge Holt. I have given to the
subject the most careful and anxious consideration, and will state the
reasons which have controlled my judgment. They have satisfied my
own mind, and if they fail to satisfy others whose rights may be there-

by compromitted, I have the consolation to know that these reasons
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may be reviewed, and if wrong reversed before the proper judicial tri-

bunals. My judgment can only give to Mr. Dyson a prima facie title

to his re-issue, which is still open to contest in the courts by those

who have a standing in them to dispute its validity.

The thirteenth section of the Act of 1836, or so much of it as re-

lates to this case, is in these words :
" That whenever any patent

which has heretofore been granted, or which shall hereafter be grant-

ed, shall be inoperative or invalid by reason of a defective or insuffi-

cient description or specification, if the error has or shall have arisen

by inadvertency, accident, or mistake, and without any fraudulent or

deceptive intention, it shall be lawful for the Commissioner, upon the

surrender to him of such patent, and the payment of the further duty
of fifteen dollars, to cause a new patent to be issued to the said in-

ventor for the same invention for the residue of the period then un-

expired for which the original patent was granted, in accordance with

the patentee's corrected description and specification, &c., &c.," (pro-

viding for assignees, and legal representatives;) and "the patent so

re-issued, together with the corrected description and specifications,

shall have the same effect and operation in laAV on the trial of all ac-

tions hereafter commenced for causes subsequently accruing, as though
the same had been originally filed in such corrected form before the

issuing of the original patent."

The first remark I make upon this section is, that as the Commis-
sioner is a public officer, and the power conferred on him in this sec-

tion concerns others (patentees), and is beneficial to them to have
executed the words in the section, " it shall be lawful for the Commis-
sioner, upon the surrender to him of such patent, &c., to cause a new
patent, &c., to be issued, &c.," are to be construed as mandatory, and
to be of the same import as if the words had been, it shall be the duty

of the Commissioner, that is to say, the true meaning is, that the

Commissioner is to have no discretion in the case provided for in the

section.

When the case provided for arises, he is commanded to exercise the

power, whether he thinks it just and right to exercise it or not in the

case assumed in the section to exist, he has no discretion. For this

principle of law I refer to the case of Mason et al, v. Fearson, 9th

Howard, 249. In that case the Supreme Court say, " Whenever it is

provided that a corporation or officer ' may ' act in a certain Avay, or

it shall be lawful for them to act in a certain way, it may be insisted

on as a duty for them to act so, if the matter as here is devolved on a

public officer and relates to the public or third persons."

The next remark I make upon this section is, that by its terms,

when the case of honest mistake arises on a defective or insufficient

description or specification, the only limitation on the re-issue pa-

tentee for his amendment or correction is, that it shall be for the same
invention. The closest inspection of the section will show no other

limitation.

By the terms of the section no mode of proof is pointed out to

show the invention claimed on re-issue to be the "same invention;"
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this is left at large ; there is no prohibition of any particular species

or class of evidence. In the absence of such prohibition, how can any

legal evidence to establish the invention, to be the same invention, be

excluded?

By legal evidence I mean all such evidence as by the rules of law

and the adjudication of the courts is receivable, to establish any like

fact in controversy before them.

In the case supposed of honest mistake, the section gives to the re-

issue applicant an absolute vested right to his amendment, dependent

solely upon the condition that his amendment shall cover the same

invention originally intended to be patented. As he is not limited in

the section to prove this fact by any specially prescribed testimony,

how can it be said the Legislature did not intend the whole range of

legal proof should be open to him? How can the Office rightfully un-

dertake to say he shall only prove it by their record ; that is, only by
the specification, model, or drawings? That no evidence, however

plenary and credible by competent witnesses, -will be listened to or

looked at.

Cases, it seem to me, may be put in which this inexorable rule

•would not only work great injustice to individuals, but in fact repeal

this re-issue section.

The patent laws provide for "inventions" which do not require

models and drawings.

Models and drawings are only required by law where they illustrate

the invention claimed, and are thought necessary by the Commissioner.
" Compositions of matter " are by law patentable ; in such cases

there are no drawings and models ; they are not needed ; all that is

required is a specification. The merit and usefulness of the "inven-

tion" consists (we may say for illustration) in the admixture of cer-

tain ingredients in certain proportions compounded in a particular

manner. If an honest inventor, inadvertently and by mistake, errs in

his original specification as to the ingredients, the proportions, or the

mode of admixture, is he to be without remedy by re-issue ? By the

Office rule he would be.

There is no model or drawing to amend by ; they were not required

nor necessary. He cannot amend by the "specification ;" this is de-

fective and good for nothing ; it is the very thing he wants to make
good by amendment, and which the 13th section gives him the right

to amend.
The Office rule excludes him from relief, because he cannot prove

his case by the record, and the re-issue section is virtually repealed

by the Office.

Again, put the case of a "machine " where a model and drawings

are necessary, and have been deposited in the Office according to law.

Put the case of the Carding Machine now in controversy. It does not

properly belong to the model and drawings, to show the rate of speed

at which the cylinders are driven in that machine. Tliat is the appro-

priate function of the "specification." The merit of the invention in

this case, consists in that rate of speed. The inventor swears, that by
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mistake, he failed accurately to describe the speed, or rather the dif-

ferential speed, of one of the cylinders which he intended to patent in

1849, and proves by four witnesses that they knew the machine before

the date of the patent, and before the patent was applied for by Mr.
Dyson, to be worked with this differential motion of the stripper A,

and to be only so worked. Is the inventor, in such a case, to be de-

prived of relief by re-issue?

The Office rule excludes him, because their record does not show
any thing to amend by, because it does not show the thing to be
amended.

It was not, in this case, the function of the model and drawings to

show the error, and they are therefore, as to this point, as if they did

not exist. The only other part of the Office record by which the in-

ventor could amend is the "specification," and that is the document
he avers to be mistakenly wrong, and which the re-issue section was
intended to enable him to put right. If that document is wrong, it

cannot be put right by itself; and the model and the drawings being

out of the way, as not the appropriate means to furnish the evidence,

such evidence can only be got aliunde, or outside the Office record. If

this is not received, there is a failure of justice.

Again, put the case in which the model and drawings are necessary,

and in which their proper function is to show the whole " invention
"

and every part of it. If the honest inventor, by mistake, fails to show
his entire invention, either by the specification, model, or drawings,

is he to be without remedy? The Office rule says he is; but even there,

which is the strongest case against an inventor, the statute does not

in terms exclude him.

I agree, in such a case where all the three elements of proof which
ought to serve him fail, it is strong, if not pregnant evidence, of a
fraudulent and deceptive intention ; but after all, even in that case it

is only a question of the weight of evidence. It may, I think, under
the statute, be met and rebutted by plenary and credible proof out-

side the record.

The Commissioner, in the case of Adriance, assignee of Gale, seems
to think that on a re-issue there is a material difference between a de-

fective and insufficient description and no description at all, and that

it is the former only that the 13th section, truly construed, allows to

be corrected.

If the Commissioner is right in this construction, then if there was
no description in the "specification" of the real invention, although

the drawings and model fully set it forth, the applicant would be

without remedy; but the Office does not now, and I believe never did,

press the rule to that extent ; and the Commissioner's reason for this

construction of the statute is, that the introduction by re-issue of fea-

tures or devices not described at all or shown in the drawings or model,

"would destroy the identity of the invention as patented," and hence

the new patent would not, in the strictness of language, be for the

"same invention as the old, wliich the law requires it shall be."

Now, I cannot see that a defective and insufficient description is any
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better than none. Neither of them is any foundation for an operative

patent. If it does not cover the invention the patentee seeks and secure

his rights, it is worthless, and no better than no description. This con-

struction seems to rest on verbal criticism merely.

Nor is the reason given, sound and tenable.

The reason is, that new features introduced would destroy the identi-

ty of the invention patented, and would not, in strictness of language,

be for the same invention.

Now it is very clear, that the identity of the invention patented is

always destroyed by a re-issue. The sole object of a re-issue, as in-

tended by the applicant and provided for by law, is to give to the pa-

tentee something additional, though it be the same invention ; that is

to say, something not in the old patent ; and to this extent every re-

issue destroys the identity of the patented invention. There would be

no sense or use in the re-issue, unless it added something to what was
already patented. If it left the old patent intact, or identical as to

invention, the patentee would gain nothing by his application, and the

re-issue statute so construed, would fail to effect any good to the pa-

tentee, and might as well be blotted from the statute book.

What the Legislature designed to secure to patentees by this 13th

section, was to enable them to cure honest mistakes, and to get sub-

stantially protection for the same invention they had made and in-

tended to be patented when the original defective patent was granted.

The only limitation in this statute is that the invention should be the

same. The Legislature has not said by what proof the applicant shall

show his invention claimed on re-issue to be the same invention made
and intended to be got on his original application. He is not limited

by the statute to prove it by the specification, model or drawings, any
legal proof to show it to be the same invention, whether found in the

record or aliunde, ought to be received and weighed by the Office.

No authority by law is given to the Ofiice to limit the range of the

applicant's proof, if it is such as upon the law of evidence, is held

sufficient to prove facts before other legal tribunals. The Commis-
sioner of Patents, by the 12th section of the Act of 1839, has "Pow-
er to make all such regulations in respect to the taking of evidence

to be used in contested cases before him as may be just and reason-

able."

But the Office has no right to make new rules of evidence, or to

make rules against law, or to divest vested rights by its rules of prac-

tice. No such power exists in any Court, not even the Supreme
Court. The rules of practice of all courts are made in subordination

to law, and no court in this country, so far as I know, can change,

abrogate, or limit the known rules of evidence.

If these rules of evidence work injustice and lead to fraud and per-

jury, Congress must change them and not the Office. But I see no
reason to think that fraud and perjury are more likely to be practiced

on a re-issue than on an original application.

"Where an invention is valuable, and large gains to be made, fraud

and perjury are apt to be practised as they are in all other human
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transactions outside the Office where great profit is to be attained.

—

Fraudulent inventors must be met as all other fraudulent or perjured

actors are, by the ordinary legal remedies. The public and the mem-
bers of it injured, must prove and expose the fraud and perjury and
punish the transgressors.

Because this is often difficult to be done, innocent inventors ought

not to suffer, who seek to correct errors, the result only of honest mis-

take, inadvertence, or accident, more especially when such right of

correction is expressly conferred by statute.

It is said the Office may be deceived and made the innocent instru-

ment of deception, by granting patents for the like invention to sub-

sequent claimants. When this is so, the Office has only to declare an
interference and then the truth can be brought out, at all events the

subsequent patentee can then bring his adversary face to face, and
cross-examine his witnesses and offer evidence on his own part to ex-

pose any attempted fraud or perjury.

The 26th Kule of the Office is referred to in the case of Adriance,

assignee of Gale, to justify the exclusion of any other evidence on a

re-issue than is furnished by the " Record," that is to say the specifi-

cation, model, or drawings. The rule is in these words, or the portion

of it relied on. " A specification cannot be amended in any material

part unless there is something to amend by, that is to say, it can only

be so amended to cause it to correspond with the drawing or model."

But this rule applies only to original applications, and is classed, and
appears under that head. It is in furtherance of justice, and to secure

the revenue of the Office and not contrary to the statute.

An original applicant has no right by law to an amendment unless

by the 7th section of the Act of 1836, after his first rejection, to con-

form his specification to the alterations suggested by the Commis-
sioner.

It is in the discretion of the Office in all other cases to grant the

amendment or not, and when granted to impose such terms as are

just. The legal right of the rejected original applicant is not to amend
except in the case above alluded to, but to withdraw his application,

leaving ten dollars in the treasury to pay the Office for the trouble.

If this rule did not exist, the original rejected applicant, on the old

fee of thirty dollars, might by amendment make an entirely new case

as often as he saw fit, to the annoyance of the Office, and in evasion

of its rightful revenue.

Not so in the case of a re-issue. The amendment there is not of

grace but of right. It is secured by the statute. The applicant is to

pay fifteen dollars towards the revenue, and is limited to the "same
invention" intended to have been embraced in the original defective

patent. When these conditions are complied with, his right to the

amendment is perfect under the law. This 26th rule therefore does

not apply to re-issues. It would be void if it did, because contrary to

law, and the failure of the Office so to apply it, contradicts, rather

than sustains the construction of the loth section now insisted upon.

The 44th rule of the Office which does relate to re-issues, was not re-
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lied on by the Commissioner who decided the case of Adi-iance, as-

signee of Gale, although it is relied on by the present Commissioner
in his answer to the reasons of appeal. That rule is in these words

:

*' The general rule is, that whatever is really embraced in the original

invention and so described, or shown that it might have been era-

braced in the original patent, may be the subject of a re-issue." This
rule is very cautious and general in its terms, and properly so. It

does not profess to be without exception. It is only a general rule.

It states what may be the subject of a re-issue. It does not say what
shall not be.

It states one mode of showing the invention to be the same inven-
tion, and even this in vague and ambiguous terms, but does not pre-
scribe that this shall be the sole and only mode. It leaves special

cases, as I construe it, open to be determined by the law, applied to

their particular circumstances. At all events it is not in the bold and
peremptory terras of the rule of practice laid down by the Board of
Appeals in their report in this case.

The counsel who has argued this case for Dyson, who was himself
long a Commissioner, insists that the practice of the Office has been
the reverse of that alleged in the report of the Appeal Board. He re-

fers to Conillard or Quillard's case in 1838, AVoodworth's Planincr

Machine case in 1845, Pond's case in 1847, letter book 345, and in

1856 to Jeremiah Carhart's case decided by himself. After all, how-
ever, the case must be decided not by the practice of the Office, but
by the law applicable to it. The practice and decisions would seem
to have been variant under different Commissioners.

The liberal spirit in which the Patent Laws ought to be construed
in favor of honest patentees, is so strongly set forth by Judf^e Mar-
shall in the case of Grant et al. v. Raymond, in 6 Peters, 241, 242,
that I will cite passages from that opinion of the Supreme Court.

Before giving the extracts it is proper to say, that the decision was
made in January Terra, 1832, more than four years before the act of
4 th July, 1836, and that in that case they sustained the re-issued pa-
tent, even though the Secretary of State who granted it, had then no
express power by law to grant a re-issue in cases of accident, mistake,
or inadvertence on the part of the patentee.

Judge Marshall said: " If the new patent can be sustained it must
be on the general spirit and object of the law, not on its letter—to

promote the progress of the useful arts is the interest and policy of
every enlightened government," &;c.

" It cannot be doubted that the settled purpose of the United States
has ever been and continues to be, to confer on the authors of useful
inventions an exclusive right in their inventions, for the time men-
tioned in their patent. It is the reward stipulated for the advantages
derived by the public for the exertions of the individual, and is m-
tended as a stimulus to those exertions. The laws which are passed to

give effect to this purpose ought, we think, to be construed in the
spirit in which they have been made, and to execute the contract fair-

VoL. XLIV.—Third Series.—No. 3.
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ly on the part of the United States," &c. " That sense of justice and

of right which all feel, pleads strongly against depriving the inventor

of the compensation thus solemnly promised, because he has commit-

ted an inadvertent or innocent mistake." " It has been said that this

permission to issue a new patent on a reformed specification, when
the first was defective, through the mistake of the patentee, would

change the whole character of the act of Congress. We are not con-

vinced of this : The great object and intention of the Act is to secure

to the public the advantage to be derived from the discoveries of in-

dividuals, and the means it employs are the compensation made to

those individuals for the time and labor devoted to these discoveries,

by the exclusive right to make, use, and sell, the things discovered,

for a limited time. That which gives complete effect to this object and

intention, by employing the sam.e means for the correction of inadver-

tent error which are directed in the first instance, cannot, we think,

be a departure from the spirit and character of the Act," &c.
" It has been urged that the public was put into possession of the

machine by the open sale and use of it, under the defective specifica-

tion, and cannot be deprived of it by the grant of a new patent—the

machine is no longer the subject of a patent. This would be perfectly

true if the second patent could be considered as independent of the

first, but it is in no respect so considered—the communication of the

discovery to the public has been made in pursuance of laAV, with the

intent to exercise a privilege which is the consideration paid by the

public for the future use of the machine. If, by an innocent mistake,

the instrument introduced to secure this privilege fails in its object,

the public ought not to avail itself of this mistake and to appropriate

the discovery without paying the stipulated consideration. The at-

tempt would be disreputable in an individual," &c., &c.—and a fortio-

ri, in the Government of the United States.

The Supreme Court in the case before them, enlarged the Patent

Law by construction, to give effect to its spirit, and to hold the Uni-

ted States to the fair execution of their agreement with the patentee.

The Patent Office in the case of Dyson, before it, with the express

power of re-issue conferred by the loth section of the Act of 1836,

restrains by construction both its letter and spirit, and denies the re-

issue unless the patentee proves his case by the original record, the

inadvertent and honest errors of which record he wants to put right,

and which it was the object of the loth section to enable him to put

right. The model and drawings may, and often do, furnish the means
to correct the defective description; not so always; the differential

motion (as it is called) of the stripper A, is in this case the very gist

of the invention; it does not belong properly to the model and draw-

ings to show this differential motion, or the rate of surface speed of

any of the cylinders in the engine; this is appropriately the office of

the specification. Mr. Dyson does not, as I understand, on this ap-

plication for re-issue, propose to modify his model or his drawings.

—

He presents the same model and the same drawings which were offer-

ed and received at the Office on his original application, and thinks

I
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them sufficient for the re-issue. It is true, the Board of Appeals in

their report say, that the model does not show the loose pulley on the

shaft of the cylinder a, but if it was there it would not necessarily

show the differential motion the reduction by the slow pulley of the

surface speed of the stripper A, below the surface speed of the main

cylinder " C," at intervals so as to make *' c," a clearer or stripper of

A. The loose pulley is one of the means, and only one, to effect this

differential motion. Dyson does not claim a patent for the means, but

for the motion; the means are not new, but familiar to every mechanic.

If the fast and loose pulley were on the shaft of the cylinder A, with-

out specifying the rate of speed to be effected by the loose pulley, it

could not be known but that the loose pulley was designed to stop the

cylinder, one of the usual offices, I am told, of the loose pulley.

But the 13th section does not in the terms point to the model and
drawings as the sole means of proof, or any means of proof; the whole

matter of proof is left at large. It requires that the invention sought

to be introduced in the amended description, should be the same in-

vention originally intended to be patented, and is silent as to how that

is to be ascertained.

The spirit of the section as well as its letter is to give to the patentee

the invention originally intended ; and the Supreme Court say the

United States ought in good faith to confer this on him as they have

promised to do.

He is to prove it to be the same invention intended, but the quo

modo of proof is not defined, and of course it is open to the patentee

to offer any sufficient legal proof, record, or otherwise. If he is con-

fined to record proof alone, the Office, by construction, restricts both

the letter and spirit of the re-issue clause of the act of Congress.

I refer to the cases of Brittin et al. v. Taggert et al., 17 Howard,

83, and Allen v. Blunt et al., o Story, 714, as throwing light on this

question.

In the last mentioned case Judge Story says :
" "Whether the inven-

tion claimed in the original patent, and that claimed in the new amend-

ed patent is substantially the same, is, and must be, in many cases, a

matter of great nicety and difficult to decide. It may involve consid-

erations of fact as well as of law."

If the Office rule of practice is right, as laid down in the report of

the Board of Appeals in this case, I do not see how there can be any
dispute about "fact." The record, the Office says, is conclusive, and

no other proof can be received or heard. It would seem Judge Story

had in his view aliunde testimony.

For the reasons given in this opinion, I think the appellant has sus-

tained his first and second reasons of appeal ; and I do, this 21st Sep-

tember, 1860, reverse the judgment of the Commissioner of date the

7th July, 1860.

If there be no claimant or subsequent unexpired patent for the same
invention claimed on this re-issue by Mr. Dyson, then I think Jeptha

Dyson, the appellant, is entitled, on the proof, to his re-issue as claim-

ed by him ; but if there be suck claimant or subsequent unexpired
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patent, then I think an interference ought to be declared, and the

parties litigant heard on proof before the Office.

I return all the papers, model, and drawings, to the Hon. the Cora-

niissioner of Patents, with this mj opinion and judgment, this 21st

September, 1860. Jas. Du^'LOP.

To the Hon. Philip F. Thomas,
Commissioner of Patents, Wasliington.

!N'OTE.—Where the words "slow pulley" occur, they are used the same as loose

pulley.

The Production of Photograplis hy Steam.

I'rom the Lond. Mechanics' Magazine, Oct., 1860.

The following paper, read recently by Mr. G. H. Babcock, before

the American Photographical Society, has been sent us fur publication,

and will be accepted by readers as a significant indication of American
progress :

—

In this age of steam, telegraphs, and photography, when the three

most subtle agencies of nature—light, heat, and electricity—have
been subdued by man, and trained to do his bidding, startling deve-

lopments and astounding applications in art and science are looked

for as an almost daily programme in the great drama. Is it then to

be wondered at that the go-ahead Yankee, in his impatience at the

slowness of this "fast" age, should conceive and actually carry out

the idea of applying steam power to the production of photographs,

and should turn them out at a speed which eclipses the boasted rapidi-

ty of the " lightning " printing press?

As an evidence that this may be and even has been accomplished,

I have the pleasure of presenting for the inspection of the Society,

this evening, several specimens, among them a sheet containing about

three hundred photographs, all printed from one negative, at the rate

of twelve thousand an hour ! As astonishing as this speed may seem,

I am assured, and from what I have seen, believe that it may be greatly

increased.

The means by which this is accomplished is, simply the adaptation

of machinery to the process of printing by development. This process,

though little used of late, has certainly produced some very fine spe-

cimens, and prints so produced are generally conceded to have the

advantage in permanency over the ordinary prints produced by the

direct action of light.

The machine is the invention of Mr. Charles Fontayne, of Cincin-

nati, Ohio, who has spent several j^ears in perfecting it, and the de-

veloping process which he uses therewith. I am assured by him that

the process by which these specimens were produced is quite different

from any other known ; but in wdiat this difference consists I am not

informed. A negative is fixed in a box, together with a sheet of pre-

pared paper, and the latter exposed by automatic machinery to the

condensed light of the sun passing through the negative. After each

exposure the paper is traversed underneath the negative, to present a
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fresh surface for the succeeding impression. These motions, together

with that of clamping the negative into close contact with the paper

at the instant of exposure, are all performed by the operator simply

turning a crank.

The rapidity, at tlie several times I witnessed its operation, was
two hundred impressions per minute, at which speed the time of expo-

sure was but 'OS of a second for eaoh impression. The condensing

lens beinfT seven inches in diameter, and the circle of condensed li^ht

about one and a half inch, the above exposure is equal to '65 of a
second direct exposure to the light of the sun. If, therefore, tlve ma-
chine were to be used for a larger class of pictures, such as book illus-

trations and stereograms, a condensing lens might be dispensed with,

aad yet nearly 2500 impressions be taken in an hour.

This opens a field for photography hitherto impracticable in conse-

quence of the time and expense of printing, as ordinarily practised.

The illustrations for a book, having all the exquisite beauty and per-

fection of the photograph, may be turned out, by the use of this ma-
chine, with a rapidity wholly undreamed of, either in plate printing or

lithography. The expense of engraving may be dispensed with, and
the negative come direct from the artist's hands, drawn upon a pre-

pared glass, from which, in the course of a few hours, the plates for a
large edition may be printed, each one a perfect duplicate of the ori-

ginal drawing. As an evidence of the facility with which this may be

(lone, a print produced by the ordinary ammonia-nitrate process, from
a rough sketch so prepared, is herewith presented. It will be seen

that an ease, freedom, and spirit is given to the drawing which cannot

be equalled by any process of engraving, and when the negative is

])roperly prepared by an experienced artist, nothing further could be

desired for illustrating ideal subjects ; but for the actual, and for re-

producing the works of others, of course, the draftsman would give

way to the far more truthful camera.

But, besides book illustrations and portraits for visiting cards, and
advertising purposes, of which specimens are shown, this machine may
be applied to the multiplication of stereograms, which, by its use, may
be made so cheaply as to bring them into the humblest family, where

by their exquisite beauty and truthfulness they will engender a taste

for the beautiful, and, in time, entirely eradicate the cheap and dis-

gustingly coarse lithographs, engravings, and water-color daubs, which

at present form so large a proportion of the pictures within reach of

the poor.

When these new adaptations of photography shall have been fully

accomplished, then shall our noble art, which has already done more
to develop and elevate the taste of the present generation than any
other one instrumentality, take a stand by the side of its great sister

art—Printing—and hand in hand, will they go forth to educate, en-

noble, and elevate mankind.

The pictures herewith presented possess additional interest to this

Society, from the fact that they are taken upon ordinary American
writing paper, which was not prepared specially for photographic pur-

18*
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poses. Mr. Fontayne first used this paper in his experiments on ac-

count of its cheapness, and, having become accustomed to it, he now
prefers it to any of the foreign photographic papers. In the course of

his extended experiments, he has used almost every variety of Ameri-

can paper, including that made from straw, manilla, and cane, with

varying degrees of success, and he promises at some future time to

present the result of these experiments to this Society.

Australian Coal.

From the Lond. Mechanics' Magazine, October, 1860.

The discovery and working of coal mines in New South Wales are

very important facts, and have already had the effect of creating an

active trade between Australia and Kurrachee for the supply of India.

The following reports have been made upon the qualities of the coal

by Mr. Anderson and Mr. F. A. Abel, both of Woolwich Arsenal :

—

Jiejport on Australian and other Coals hy Mr. Anderson, Inspector of
Machinery to the War Department.

On receiving instructions to test the Australian coal, I drew up a

series of regulations for my own guidance, so as to secure a correct

result and comparison.

The relative merits of Welsh and Hartley coal being the subject of

controversy at the present time, I have combined these coals with the

present experiment, and trust that the additional knowledge thus af-

forded may be found useful.

In carrying out these experiments a Cornish boiler has been em-

ployed, of a cylindrical form, and with a single internal flue, which
contained the furnace.

To attain accuracy in the quantity of water evaporated, the boiler

was carefully measured and graduated. Before each experiment began,

water was pumped into the boiler up to a definite water-line, and no

additional water was admitted until the conclusion of the experiments,

when the exact quantity evaporated was carefully recorded.

The steam generated during each experiment was employed to work
an exhausting engine with a constant and uniform load upon it ; and,

to insure accuracy in comparing the work done by different coals, an
instrument Avas applied to the engine which unerringly recorded each

revolution.

In each trial 2 cwts. of coal was used. Before commencing, I per-

formed a series of preliminary experiments with English coal, so as to

get the apparatus into perfect order.

Previous to commencing, the steam was brought to a standard pres-

sure of 15 lbs. ; then the former fire was drawn out of the furnace, the

heat being sufficient to ignite the experimental fuel. When the fuel

was exhausted, the cinders from under the bars were thrown upon the

fire and burnt up. When the steam reached the standard pressure of

15 lbs., the experiment was considered at an end, and the water eva-

porated. Work done and ashes left were recorded. No steam was al-
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lowed to pass off at the safety valve during an experiment, so that the

result may be relied upon.

The following table shows at a glance the relative value of the seve-

ral coals operated upon. It will thus be seen that for steam purposes

the Australian coals are about equal to the Newcastle coal termed
" Whitworth," which correspond with a considerable variety known as

Walls-end, Lambton, Pelaw, Primrose, (fee, but that it is slightly in-

ferior to the Hartley and Welsh varieties of English coal.

The last column of the table shows exactly the relative value of the

different experiments, and the true value of the several coals for steam

engine purposes.

The Whitworth, Welsh, and Hartley coals were selected at random
from the bulk used in the furnaces of the Royal Arsenal.

Table of Experiments with Australian and English Coal, made in the Royal Arsenal,

Woolwich, March, 1858.
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I March 18, Australian, 2 5 20 m 45,780-5 74 3,950

2 18, Do. 2 5 20 m 45,7805 74 3.946

3 22, Whitworth, 2 5 12 16 45,7805 7-4 3,970

4 « 22, Do. 2 ' 5 10 15^ 45,780 5 7-4 4,000

5 " 23, Welsh, 2 5 30 5 50,621-5 86 4,367

6 23, Do. 2 5 30 4J 50,621 5 86 4,345

7 24, Hartley, 2 5 25 3^149,636-5 80 4,290

8 « 24, Do. 2
i
5 17 3| 148.6540 7-8 4,199

March 29, 1858.

John Anderson,
Inspector of Machinery.

Report on Australian Coal, hy 3fr. Abel, Chemist to the War Depart-

ment.

The coal was found to contain a very considerable admixture of

shale. Very thin seams of iron pyrites were observed to be interspersed

through the massive portions of the coal itself.

An average sample of the coal as supplied was prepared, and the

following points determined with it ;

—

1. The quantity of volatile matter furnished by the coal amounted
to 71 per cent., and 29 per cent, of a light and very porous coke was

obtained. The coal is, therefore, of a high!}' bituminous character, and

would probably be found excellently adapted for the manufacture of

gas.

2. The per centage of ash contained in this average sample of coal

amounted to 6-8 per cent. The ash was of a red-brown color, due to

the oxide of iron produced from the pyrites in the coal.

A massive piece of the coal was selected for a special determination

of the ash, and was found to furnish 4-09 per cent.
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The coal therefore yields, even when free from shale, a quantity of
ash unusually large for a bituminous coal.

3. The per centage of sulphur found in the average sample amount-
ed to I'll, a quantity slightly exceeding that usually found in New-
castle coal, but Avhich cannot be looked upon as considerable when
compared with the large amount of ash furnished by this coal.

It would appear from the chemical examination of this coal that it

is adapted for ordinary purposes, and for the manufacture of gas ; but

it will not be found equal in value to the description of coal especially

employed for steam purposes. F. A. Abel,
Chemist to the War Department.

Hecent Improvements in Lucifer 3Iatches.

From tlie London Chemical News, No. 127.

Of matches prepared with ordinary phosphorus, and which conse-

quently ignite readily upon any friction surface, the "Patent Paraffine

Matches" of Messrs. Letchford & Co., are particularly good exam-

ples. Instead of the objectionable sulphur coating, melted paraffine is

used for impregnating the wood and rendering it more inflammable.

Such matches are not likely, therefore, to play havoc with the silver

candlesticks and bright metallic surfaces often brought near them in

actual service. Their power of remaining uninjured by damp is a spe-

cial character for which this kind of match is remarkable ; in a com-

parative examination of several different sorts, these only were capable

of being ignited after six hours exposure to a moist atmosphere. On
this account they would be particularly suitable for export, and little

afl"ected by climate.

Purifying Water from Lead.
From the London Mechanics' Magazine, October, 1860.

Some time since there appeared in the Times a letter from Prof.

Faraday, explaining a very simple mode of treating water that was

contaminated by receptacles of lead in the neighborhood of the sea (a

matter of great interest at many military posts). Sir John Burgoyne

having observed this letter, requested Dr. Faraday to favor him with

a note on the subject, with the addition of any simple practical reme-

dies, if such there were, for the presence of lead in water arising from

other combinations. The following answer was returned by that emi-

nent chemist :

—

Royal Institution.

Mv Dear Sir John—I consider your request relating to the leaded

water an honor, and in replying may add an observation or two to the

orio-inal matter. The case at first was simply that of certain waters,

which, having been collected from rain, by roofs, gutters, pipes, or

cisterns of lead, were contaminated more or less with the metal. All

Avater so obtained has not been found thus aftected, and there is much
difference and uncertainty about the mutual action of lead and water

in different cases. AYhen rain water falls upon surfaces of lead, it is
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apt to act on tlicm; and tlic water thus contaminated, bj standing ex-

posed to air, generally clears itself from the dissolved lead, the metal

separating as a carbonated precipitate, and falling to the bottom. But
when the sea spray has access to the leaded surfaces, the action of the

rain water is such that the dissolved lead does not separate in this way,

or if it does, only after a much longer time.* It is such water as this

that I recommend to be treated with carbonate of lime. Enough white-

ning or levigated chalk is to be mixed with the fluid to make it of the

consistency of good milk (though more will do no harm), and the whole

is either to be filtered or to stand until clear. I have never yet found
any sample of water poisoned as above, that was not freed from the

lead by this process ; and from the actions that occur in the laborato-

ry, I have no doubt, that if two or three pounds of such powdered
chalk were put into a cistern, and stirred up occasionally after rain,

it would keep the water free from lead. Now, my consideration was
entirely confined to cases of the above kind, and to the service of the

Trinity House. I might say much more to you about the modes of

testing for lead in water, so as to discover its presence, and, within

certain limits, its proportion, and also about the clearance of lead from
all domestic waters by filtration or otherwise ; but I have always found
that chemical practice was required to make such knowledge available,

and that for that reason it was nearly useless in the hands of the pub-

lic. When, too, a particular case becomes mixed up with the numerous
cases that may be associated with it, I think it often disappears from
view, and the Avhole are after a time forgotten. Hence, I prefer ad-

hering to the case of adulteration arising from the joint action of salt

"water, or sea spray, and lead ; and I have the full confidence that if it

arise at any of your military posts at home or abroad, no difficulty will

be found in the effective application of the remedy.
I am, my dear Sir John, your very faithful servant,

M. Faraday.

To Sir J. F. BURGOYNE, &c., &c., &c.

* Professor Faraday, in his letter to tlie Editor of the Times, stated that '-'the salt of the sea spray, wliich
often I'eaches the roots of buildiuj;s, even when they are half-a-mile or more from tlie shore, causes the rain
water to dissolve a portion of tlie lead, wliich is larger or smaller under Uifl'ereut circumstances, and at times
rises up to a quantity injurious to health, and poisonous.'

Nitrate of Soda in the neiglihorliood of the River San Francisco,

Bahia, Brazil.

From the London Chemical News, No. 89.

I have the honor to acknowledge the receipt of your lordship's de-

spatch of January 7 last, instructing me to report, after a careful in-

quiry, on the localities in which nitrate of soda has been found in this

province, its state of purity, the cost of extracting and refining it, and
the expense of transport to a shipping port. In reply I beg to state,

that ever since the mention made in my Commercial Report for the

year 1856 of the discovery of this important manure in this province,

I have received undoubted information of its existence in several other

localities, and in consequence lost no time in renewing my exertions,
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wita the assistance of a few friends having connexions in the interior,

to obtain every information possible thereon. The information received

from several districts is such as to satisfy my most sanguine expecta-

tions, especially in the north-east of this province, in the neighborhood

of the River San Francisco, at a place called " Salitre." In the words

of a most distinguished and talented native of the town of Joazeiro,

through a valley of 16 to 20 leagues long, one mass of nitrate of soda

is found ; in some places on the surface, at others a few feet under

;

and it contains sufficient manure for exportation for years to come.

On the opposite side of the above-named river, near the town of Pilao-

Arcado, other deposits exist in equal quantities. The projected Bahia
railroad to the town of Joazeiro must pass through the first named
district, but those magnificent deposits will only become available

when that railroad reaches the San Francisco. In the interest of the

Company and of commerce it is ardently to be desired that its works
should be commenced and prosecuted with vigor, as the distance is

only 240 miles from the city.

—

Extract from the Report of H. B. 31.

Consul.

Stojypers of Caustic Solution Bottles.

From thu Lond. Chemical News, No. 89.

It is well known that the stoppers of these bottles rapidly become
incrusted

;
greasing is of little use, and moreover, we have to consider

that we may thus introduce fatty acids into the solution. Now paraf-

fine answers well : first, because caustic alkali does not act upon it

;

and secondly, because it perfectly lubricates the surfaces in contact.

Polyt. Notizhlatt.

FRANKLIN INSTITUTE.

Proceedings of the Stated lyfonthly 3Ieeting, August 21, 1862.

John Agnew, A^ice President, in the chair.

Isaac B. Garrigues, Recording Secretary.

The minutes of the last meeting were read and approved.
Letters were read from the Royal Society, London, the Liverpool

Literary and Philosophical Society, Liverpool, England ; and the

Smithsonian Institution, Washington, D. C.

Donations to the Library were received from the Commissioners of

Patents, the Royal Society, the Royal Astronomical Society, the In-

stitution of Civil Engineers, the Chemical Society, the Institute of

Actuaries, and the Society of Arts, London ; the Osterreichischen

Ingenieur-Vereines, and the Nieder-Osterreichischen Gewerbe-Yere-
ines, Vienna, Austria ; Prof. A. D. Bache, Messrs. F. Emmerick, and
Charles Colne, Washington, D. C. ; the Chamber of Commerce of the

State of New York ; the Legislature of Pennsylvania, Harrisburg,

Penna. ; and Mrs. Elizabeth Spohn, Philadelphia.

The Periodicals received in exchange for the Journal of the Insti-

tute, were laid on the table.



Proceedings of the Franklin Institute. 215

The Treasurer's statement of the receipts and payments for the

month of July was read.

The Board of Managers and Standing Committees reported their

minutes.

Candidates for membership in the Institute (3) were proposed, and
the candidates (4) proposed at the last meeting were duly elected.

Mr. Howson, of the Committee on Meetings, exhibited a Military

Cap, the invention of W. F. Warburton, of this city. The edge of the

cap is provided with a number of eyelets or hooks, by which a detach-

able cap or havelock may be attached. A loose fold, forming a part

of the cloth or covering of the cap, is arranged so as to conceal the

hooks and eyes, the fold being retained in its position over them by
elastic loops attached to the corners, and passing around the strap

buttons.

Mr. Howson also exhibited an exceedingly well executed pair of

Bronzes, manufactured by Messrs. Warner, Miskey, and Merrill, of

this city. The designs are copies, but the composition of the metal

and the casting are the work of the above-named firm, who were the

first in this country to manufacture heavy bronze work, one of their

finest pieces being the bronze balustrade for the Capitol at Washington.

Mr. H. also exhibited a Musket, which, he remarked, was to all

appearances similar to the many weapons of this class we every day
see in the hands of our soldiers. The specimen, however, Avould be

looked upon with unusual interest when they were informed that it

was one of the first complete regulation muskets made in this city,

and a specimen of the first one thousand muskets recently delivered

to the Government by the manufacturers and contractors, the well-

known firm of A. Jenks & Son, of Bridesburg. It had fallen to the

lot of the exhibitor to examine minutely many modern fire-arms, both

of American and European manufacture, and he could state that, as

regards excellence of workmanship, neatness of finish, and superiority

of material employed, the weapon could not be excelled.

Mr. Howson also stated that few could imagine, without investi-

gating the subject of manufacturing fire-arms, the extent of the en-

terprise undertaken by the Messrs. Jenks. In order that some idea of

the amount of labor and thought demanded in establishing a manufac-
tory such as that of Messrs. Jenks, Mr. Howson produced a small

pistol, known as Sharps' four-shooter, and stated that a witness had
recently sworn that to manufacture such a weapon profitably, an out-

lay of §100,000 was necessary.

On comparing the two weapons, the members could form some judg-
ment of the enormous amount of capital required and the ingenuity

and forethought exercised by the Messrs. Jenks in perfecting, during

little more than one year, the machinery and apparatus required to

manufacture the weapon exhibited, at a price remunerative to them-
selves, and with the rapidity which the present emergencies of the go-

vernment demanded.
At the close of the meeting, the musket was carefully examined by

the members, and attracted much attention.
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A Comparison of some of the Meteorological Phenomena of July, 1862, with those

of ivhY, 1861, and of the same month fur twklye years, at Philadelphia, Pa.
Barometer 60 feet above mean tide in the Delaware River. Latitude 39° 57^ N.;

Longitude 75° lOV W. from Greenwich. By James A. Kirki-atrick, A. M.

July, July, July,

1862. 1861. 12 Years.

1

Thermometer—Highest degree. 955° 95° 100-5°

" " date, 7th 8th 21st, 1854
" Warmest day—Mean, 86-0 87-3 91-3

" " " date. 7lh 8th 21st. 1854
" Lowest degree. 530 550 530
" " date. 2d and 3d 3d 2'62;3'62:3'57

" Coldest day—Mean, 00-67 642 59-7

" " <'' date, 2d 14th 3d 1857
" Mean daily oscillation. 17-50 19-29 16-30

" " " range. 4-23 3-70 381
" Means at 7 A. M., . 7113 72-74 73-73

2 P. M., 82-06 8-2-87 83-69

9 P. M., . 7360 72-69 76-17

" " for the Month, 75-60 76-10 77-87

Barometer—Highest—Inches, 30- 156 in. 29-961 in. C0-212in.l
" " date. 4th 5th 5th 1859
" Greatest daily mean press.. 30056 29-942 30-197
«' " date, 4th 5th 5th 1859
" Lowest—Inches, 29-487 29-.')05 29-443
" " date. 9th 20th 19th 1851
" Least daily mean pressure, 29-.528 29-552 29 462
" " date, 9th 10th 30th 1856
" Mean daily range, •107 •078 -093

" Means at 7 A. M., . 29-743 29-SOO 29-846

2 P.M., 29-724 29-765 29-816
" 9 P.M., . 29 731 29-780 29-831

*' " for the Month, 29-733 29-781 29831

Force of Vapor—Greatest—Inches, •813in -819 in. •983 in.

" " " date. 6th 29th 26th 1854
" " Least—Inches, •311 •284 -268

" " " date. 1st 2d 5th 1859
" " Means at 7 A. M., •561 •578 •610

2 P. M., •544 •540 •605

9 P. M.. •594 •579 •635

" " " for the month, •566 •567 •617

Relative Humidity—Greatest percent.. 97^ per ct. 97^perct. 97- per ct.

" " " date. 2d 20th 20, '61; 2, '62;

" " Least per cent. 36- 32. 26-

" " " date, 1st 5th and 23d 23d, 1856
" " Means at 7 A. M., 72-7 71-2 72-4

2 P. M., 49-7 47-7 52-4

9 P. M., 71-0 72-2 70-2

" " " for the month, 64-5 63-7 65-0

Clouds—K umber of Clear days,* 6 fi 8-6

" *' Cloudy days. 25 25 23-4
" Means of sky cov'd at 7 A. M., 64 per ct. 52 per ct. 67perct.

2 P. M., 63 61 57
9 P. M., 50 59 41

" " " for the month, 59 67 62

Rain— Amount in inches, 2 841 in. 2-826 in. 3-656 in.

Number of days on which Rain fell, 10- 14- 10-7

Prevailing Winds, s58°24'wl86 s5S°43' w368 s62°24'w-151

• Less than one-third covered at the hours of observation.



JOURNAL
OF

THE FRANKLIN INSTITUTE
OF THE STATE OF PENNSYLVANIA,

FOR THE

Prx03I0TI0N OF TPIE MECHATs^IC AUTS.

OCTOBER, 1S62.

CIVIL ENGINEERING.

For the Journal of the Franklia Institute.

Papers on Hydraulic Engineering. By Samuel McElrot, C. E.

(Continued from p. 150.)

No. 2.

—

Distribution—(Continued).

Tiibercidation.—In addition to the ordinary process of oxidation to

which iron is subject, cast iron water pipes are peculiarly liable to the

production of internal accretions or tubercles, which restrict their ca-

libre and discharge, and involve a chemical action destructive to the

metal.

Of these evils, the former is the most important, since the gradual

or partial loss of section, by irregular accretions, exerts an intluence

on the immediate usefulness of the pipes, which exceeds any question

of cost in eventual replacement.

We have had frequent occasion to notice the rapid destruction of

wrought iron produced by sea water, in which particular veins and
portions of the iron are the most rapidly injured, showing that the re-

lative constituents of the special forging exposed determine the rapidi-

ty of this action ; and from frequent observation of like action on cast

iron water pipes by fresh water, it is plain that this chemical process,

though less formidable in degree in this case, is attributable to the

same laws.

AVe are informed that in the mining pumps of the Pennsylvania

coal region, it is not uncommon to have the lower pipes entirely de-
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stroyed in process of time by a change into plumbago, from water ac-

tion, and instances are on record in water works experience, where

the entire castings of the mains have been gradually transformed, re-

taining the form, but completely altering the substance, in certain

local cases.

Observations were recorded in the Edinburgh PhilosophicaUournal

in 1822, by Dr. J. Macculloch, on the production of black lead from

cast iron, under experiments with sea water, porter, acids, &c., which

have been recently extended by Dr. Grace Calvert, as noticed in the

London Engineer of January, 18(i2, demonstrating the formation of

plumbago from cubes of cast iron.

From 1838 to 1843, in England, Mr. Robert Mallet made investi-

gations of the operation of water on iron, in reference to water pipes,

of which the results are thus stated to the British Association for the

Advancement of Science :

—

" He found that any sort of iron, cast or wrought, corrodes when exposed to the action

of water holding air in combination, in one or other, or some combination of the follow-

ing forms, viz: I. Vnifuriiily, or when the whole surface of the iron is covered uniformly

with a coat of rust, requiring to be scraped off, and leaving a smooth, red surface after it.

2. Uniformly, with plumbago, where the surf ice, as being uniformly corroded, is found

in some places covered with plumbagenous matter, leaving a piebald surface of red and

black upon it. 3. Locally, or only rusted in some places, and free from rust in others.

4. Locally pitted, where the surface is left as in the last case, but the metal is found un-

equally removed to a greater or less depth. 5. Tubercular, where the whole of the rust

which has taken place at every point of the specimen, has been transferred to one or

more particular points of its surface, and has there formed large projecting tubercles,

leaving ihe rest bare."

"The great elements of difference of corrosion as respects the iron itself appear to

be:—
" 1. The degree of homogeneity of substance of the melal, and especially of its surface.

"2. The degree oi density of the metal, and state of its crystalline arrangement.

" 3. The amount oi uncomhined carbon or suspended graphite contained in the iron;

" And therefore, that the more homogeneous,— the denser, harder, and closer grained,

and the less graphitic,—the smaller is the index of corrosion."

From examinations of the Cochituate mains, made by Prof. Hors-

ford in 1853, he expressed the opinion that

—

" There has been o-«/y«?i;'c ac/ton, arising in one class of cases from the contact of

metals of unlike aifinily for oxygen, and generally from a want of homogeneity of the

iron ; and to this, more than any other agency, is to be ascribed the rapid formation of

accretions."

—

Cochituate Water Report, Jan., 1853.

While the law of this action is universal, and its effects are always

to be anticipated, the degree of action is modified by the special con-

ditions of any particular system of mains. Quality of water, rapidity

of flow, temperature, and other circumstances, in connexion with the

special quality of the castings exposed, may accelerate or retard these

formations : and our information as to their existence and effects, how-

ever well established as to the law, is somewhat defective in special

records, partly because the action is hidden from sight, and partly
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because, when exposed, it is customary with water works administra-

tions to conceal or deny the existence of defects.

Some of these eifects may be thus briefly noticed :

—

It was observed at Grenoble^ in France, that the cast iron feed-main,

had reduced its flow on this account, between 1826 and 1833, from
370 to 190 wine gallons per minute.

It was noticed at Cherbourg^ that from 1836 and 1838 to 1850, the

effective section of the supply main had been reduced to less than one-

third its original calibre, the accretions being 1-575 to 1'9G8 inches in

height.

In the reports of the water works in England, numerous instances

are recorded of the effects of tuberculation, which are also prominent-

ly noticed in locomotive boilers, and other kinds of exposed iron work.

In 1852, Mr. E. S. Chesbrough, Engineer of the Cochituate Board,

Boston, reports that

—

" The rapidity with which the interior surfaces of some of the pipes have been covered

with tubercles or rust, has excited a great deal of interest. * * * All the large pipes

that have been opened have been partially or entire!}' covered on their inner surfaces,

some with detached tubercles varying from a half to two and a half inches base, with a

depth or thickness in the middle of from one-quarter to three-quarters of an inch; and

some entirely to an average depth of half an inch, with a rough coating, as if the bases

of the tubercles had crowded together. The smaller pipes all exhibit some action of this

kind, but generally to a less extent as regards thickness than the larger ones. In one

case, however, a 4-inch pipe was found covered to a thickness of about one inch."

In 1853, the Cochituate Board remarks

—

"The extent to which these accretions have affected the discharge of water from the

pipes, by diminishing their area, and increasing the friction, has been satisfactorily as-

certained by observations made by the City Engineer, with great care, on one of the

30-inch mains across Charles River, and is found to be much greater than was antici-

pated. The loss of discharge under the common head of six inches was found to be up-

wards of twenty per cent, of the known discharge of a new main of like diameter. Simi-

lar observations on the 30-inch main from the Brooklyn Reservoir, under the ordinary

head of eight feet, gave the same result."

This action at Boston was very carefully recorded for a time, de-

monstrating a very serious injury to- the whole distribution system.

The Board, however, seems to have consoled itself at last with the

theory that the action exhausted itself at a certain stage, and con-

tinues to extend the service witb cast iron pipes.

The effective diameter of the 20-inch main of the Jersey City "Water

Works, recently examined, was found to be less than 18 inches.

Considerable reduction from tubercles is recorded on the Crotoa

mains and smaller pipes.

From the action of the water on the pump valves and other engine

castings of the Brooklyn pumping engines, the discoloration of the

water at fires, and other evidences, this action is serious on the unpro-

tected Brooklyn distribution.

Similar effects are recorded in various other water works of the
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United States, in confirmation of what may be properly assumed as a

law of chemical action, more or less poAverful, in special localities.

Preventives.—Various efforts have been made to apply washes,

paints, and varnishes, by different processes, so as to prevent contact

between the water and iron, in castings as well as wrought iron work.

A galvanic action has also been provided by coatings of zinc and other

metals, and various enamelling processes have been invented.

Among these may be mentioned white-wash of pure lime, a wash of

hydraulic cement, linseed oil applied under pressure, a composition of

oil and wax, copal and other varnishes, lead and zinc paints, and coal

tar varnish or paint.

And of all these, including galvanism and enamelling, experience

goes to show that they have various special merits as palliatives, but

no permanent power as preventives. Paints of all classes need periodi-

cal renewal; varnishes and enamels sooner or later peel off or wear off;

and galvanism simply delays by destruction in one direction the even-

tual process of destruction in another. To make either palliative effec-

tual, even for a time, requires careful and expensive workmanship, and

the point of final failure is merely a question of time, which question

should properly determine the propriety of its use, in connexion with

the relative cost of use, in those cases where want of access prevents

renewals.

On large dry-dock gates and caissons of wrought iron, exposed to

sea water, without excessive motion, we have found a body-coat of red

lead, with super-coats of zinc paint, the most durable and satisfactory;

while for the iron work of steamer water-wheels and other parts much
exposed, coal tar paint, though requiring frequent renewals, is more
easily applied, and probably more effectual. Various experiments

>yhich have been made with coal tar varnish in contrast with other

coatings, seem to favor it strongly when applied to a hot and clean

surface, although its advocates admit its defects when not thus applied.

Hence this process has been adopted in several water-supplies in Eng-
land, and is being introduced into this country to a considerable ex-

tent. The large mains at Brooklyn, with those now used for exten-

sions, and the 5-feet mains of the Croton extension, are thus coated.

Other water works are following this example, all the pipes required

for the Charlestown Water ^Varks, now going under contract, being

specified with this protective, in case cast iron pipes are used at all.

As now applied in this process, the pipes are dipped in a varnish-

bath maintained at a temperature of 300°, when first cast, or are oiled

to prevent rust, until they can be coated. The additional cost is about

$1-25 to $1-50 per ton. The pipes being laid, renewals in coating are

prevented, and its duration will vary with circumstances, being in

some cases a matter of years, in others, of months and weeks. Of the

mains coated by Dr. Smith's process at Glasgow, for the Brooklyn
works, many of those exposed in the pipe-yard for a few months lost

their varnish from the cflects of the weather, while others remained in

good condition, and all the coatings hitherto applied can only be re-

garded as palliatives.
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While it is fixed and certain, that no engineer is justified in laying

unprotected cast iron pipe, the protections themselves require careful

study, and the most faithful application.

Wrought Iron Cement Pipe.—Among other substitutes which have
been adopted for water pipes, those of wrought iron riveted in proper
lengths, and lined and coated with a thick body of hydraulic cement
mortar, have been very extensively used in this country, within the

past fifteen years. The several lengths are put together by butt joints

secured by sleeves, filled in with cement to prevent leakage, or by
cast iron hubs protected by mortar from contact with the water. The
pipes by one process in use, are lined with mortar applied under strong
pressure, and coated when laid in the trench; and by another process
they are both lined and coated under pressure at one operation. In
one case the taps are inserted by brazing a tap plate and tap to the
outer iron shell before the drill is used; and in another, by the use of
cast iron rings tapped as in ordinary cast pipe.

Without discussing the merits of the several patents which apply to

details of manufacture, it is manifest that the pipes themselves embo-
dy an important principle of durability, by the preservative eff"ect of
cement on iron, which excludes air and prevents oxidation and tuber-

culation, and which continues to increase in solidity and strength with
increased age. It is also manifest that any desirable measure of
strength may be attained by regulating the quality and thickness of
the iron body. The cement lining is not less than one half inch thick

for the smaller diameters of three and four inches, and by pressure is

very firmly set to the iron plate.

Pipes of this kmd can be manufactured and laid with less cost than
those of east iron, and have several valuable qualifications, when pro-
perly put down.
Lead Service Pipe.— The use of lead for house service from the

street mains, although a matter of common practice, has given rise to

elaborate investigations and discussions in Europe and in this coun-
try. This use has obtained against the serious objections urged against

the material, on account of its ductility, its strength, and its sources
of profit to plumbers, and some disadvantages in manufacture or use
of its occasional substitutes. In some cities, however, as at Hartford,
it is directly prohibited-

From the investigations on this subject at Boston in 1848, about
the time of introducing the Cochituate supply, it was determined to

admit its use. While all the experiments showed that lead is dissolved

by water, it was argued that the Cochituate was not more dangerous
in this action than the Croton, and that "a coat forms on the lead,

which, for all practical purposes, becomes, in process of time, imper-
meable to, and insoluble in, the water in which it occurs." And this

sums up all the chemical discussion in its favor, viz : that the quantity
dissolved is insignificant, and that the process Ls self-protective ia

time.

It is plain, however, from an examination of the varied analyses and
discussions of this matter, that the defence is apologetic at the best

;

19 •
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while on the other hand, the doctrine of cumulative effects, the volu-

minous testimony as to lead diseases, the extensive prevalence of those

which may be directly or indirectly attributed to the effects of lead,

as colics, paralyses, neuralgia, rheumatism, &c., and the proof that at

Boston and in other localities the coating is not a protective, certainly

justify a distrust of this claim of immunity, and a general rejection of

the material. To furnish an adequate and safe substitute certainly

need not overtax engineerinni; skill.

Appurtenances.—Of these, stop-cocks and hydrants are the most
important ; the former being used to district the supply for convenience

of repairs and access, and the latter for fire purposes, street washing,

and other public uses.

Among the various forms of stop-cocks in use, probably the best

are those which are built with a globular head acting in part as an air

chamber, and with a flaring groove for the gate. In the first case,

greater strength is secured in a limited space ; and in the second, the

gates are prevented from jamming, as the larger ones are apt to do
with too narrow a groove, in working one brass face against another.

Face joints are also preferable to lead joints, in obviating the necessi-

ty of caulking. Much inconvenience is often caused by improper ar-

rangement of the stop-cock districts, where long distances are attempt-

ed to be controlled to save expense in original construction, and it is

desirable to condense these districts of control as much as possible.

The ordinary form of fire hydrant in use, as to the tube itself, and
not as to its case, seems to have been adopted from one city to ano-

ther, with very little regard to its purpose of operation. The range of

ingenuity seems to have rested content with the automatic vent which

drains the tube above the valve when not in use, to prevent frost. In

the ordinary tube the valve is operated within, by a rod passing through

a stuffing-box in the tube-head, which raises and lowers it, to close or

open the hydrant. Generally, a four-inch hydrant main is attached to

a three-inch vertical tube, with a two-and-a-half-inch nozzle, and the

effective section of the hydrant is less than one-half the section of the

branch main. Hence it follows that in consequence of excessive hy-

drant friction, the supply of a street main, six inches in diameter,

cannot feed more than two fire engines on the same block, through

two hydrants, and our steam fire engines are obliged to put a suction

on the h3'drant nozzle to get their supply at all.

Now it is evident that if there is any propriety in using four-inch

branches, there is none in using hydrants tiirottled down by rude, in-

ternal Avorking parts to effective sections of less than one-half the

branch calibre, and with the universal introduction of steam fire en-

gines, all the present system of branches and hydrants must be im-

proved. There is no mechanical difficulty whatever in making hydrant

tubes with a free delivery equal to that of the branch, and this should

always be done.

In all cases Avhere steam fire engines are provided for, the hydrant

nozzles may be adapted by the use of a double nozzle, either to the

ordinary hose connexion, or a steamer connexion of the full hydrant
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size ; but the best way to arrange them is to make a full size hydrant

inozzle, usino; a set of reducers for ordinary fire hose. Instances abound

in the experience of firemen, where most vuluable property has been

lost, solely on account of the excessive friction of hydrants, where

time prevented the intervention of engines.

The use of iron cases, both for hydrants and stop-cocks, is an im-

provement on the ordinary wooden boxes, which sliould be made uni-

versal, as a matter of economy, science, and ornament.

The following table will illustrate the relation of appurtenances to

mains adopted in the case of a single prominent supply.

Aggregate Boston Distribution, January I, 1862.

Diameters (inches), 40 36 30 24 20 16 12 6 4 Total.

Length of Pipes (feet), 23-082 21-065 31-836 5-773 24-127 7-619 90625 384-480 104-633 693 240

Stop-cocks, 4 5 8 10 11 22 163 682 283 1-188

Hydrants, 1-451

On this work all the wooden boxes which are replaced are Burne-

tized to prevent decay.

In this rapid sketch, in which the discussion of details is not ad-

missible, we present, as to Distribution, some of those prominent fea-

tures which directly affect its cost, durability, and usefulness, and

•which involve systems of practice more or less common, and, in some
cases objectionable, with the hope that inventive genius, prompted by
general assent, may mark out the most feasible and satisfactory cor-

rectives for our adoption.
(To be Continued.

J

On some recently executed Deep Wells and Borings. By George R.

BuRNELL, C.E., F.G.S., F.S.A. Read before the Society of Arts.

From tlie Civ. Eng. and Arch. Jour., March, 1862.

The remarkable success of the operations carried on at Passy, for

the supply of the artificial waters of the Bois de Boulogne by means

of an artesian boring of unusually large diameter, has lately revived

the public interest in that class of operations, both on the continent

and in England. It has been proposed, indeed, to apply that system,

on even a larger scale than was tried at Paris, to our own metropolis

;

and the scheme for sinking a series of deep wells in the various parts

of London has been revived by some enthusiastic admirers of the re-

sults obtained by our neighbors. Experience has already decided the

problem of the possible success of such attempts here, and it may,

therefore, be desirable at the present day to review briefly the history

of artesian wells at home and abroad, in order to prevent the waste of

money, and the disappointment which may arise from ill-advised imi-

tation of the measures proved to be successful in some cases, but by
no means universally applicable.

The term " artesian well " means, strictly speaking, only a well sunk

to a considerable depth, through a dry and impermeable upper stra-
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turn, to a lower stratum charged with water, under such conditions of

pressure as to cause the water to flow over the surface of the ground.

The first wells of this description mentioned in modern works on hy-

draulics were executed in the province of the Artois, in France, where
they were sunk in the chalk formation, and were supplied by the

streams running between the fissures of that deposit, which were fed

by the infiltration from the higher ground of the great north-eastern

chalk plateau of France. It is said that some of these wells in the

Artois have been used for nearly a thousand years, without any per-

ceptible diminution in their supply; but it must also be added that the

ancient Egyptians and the Ciiinese had, from the remotest antiquity,

been acquainted with this method of obtaining water, and that the in-

habitants of the plains of Lombardy have long used the waters rising

from the deep-seated strata of the valley of the Po for the irrigation

of their "marcite," or Avinter meadows. Be this as it may, and with-

out dwelling upon the locality where this description of well was first

made, it seems that about the beginning of the present century great

attention was drawn to them by the success of a number of borings

through the London clay into the sands of the basement beds of that

formation, made in the valleys of the Lea, near Broxbourne, Waltham,
and Tottenham, and of the VVondle, near Mitcham, Garratt, Wands-
worth, &c. In the low-lying alluvial islands at the mouth of the

Thames, some very deep wells wore also sunk through the London
clay, and a copious supply of fresh soft water was obtained ; and, in

fact, so many wells have been sunk into the water-bearing strata of

the tertiary sands, that they have been nearly exhausted. Whilst

these operations were being carried on in England, the French engi-

neers had energetically adopted the system upon which they were

founded, and numerous artesian wells had been sunk at Epinay, Stans,

and St. Denis, with similar results to those obtained near and in Lon-

don, that is to say, that in the earlier wells the water, generally speak-

ing, overflowed the surface, whilst in the latter ones it rarely attained

the level of the ground ; and the water-line sank in the older wells in

proportion as new ones were opened.

In 1833 M. Arago induced the Conseil Municipal of Paris to under-

take the execution of a deep boring, in the hope of obtaining a supply

of water from the lower green sand formations, which he supposed to

form a continuous bed under the chalk basin, underlying, in its turn,

the tertiary strata of the neighborhood of Paris. This lower green

sand, in fact, outcrops from under the chalk on the whole of an irre-

gular oval, passing from the north-east through the south, nearly to

the north-west of Paris, and it approaches that city the most nearly at

the point where the Seine forces its way through the overlying recent

formations near Troyes, in Champagne. At Lusigny, the precise point

of outcrop, the surface of the green sand is about 300 or 3o0 feet

above the level of the plain of Grenelle, where it had been resolved to

make the first attempt to traverse the tertiaries and the chalk. From
this fact, MM. Arago and Walferdin inferred that the water from the

green sand would flow over the surface at Grenelle, and they were

I
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encouraged in that opinion bj the existence of numerous artesian

wells carried through the chalk into that stratum, from which they

expected to obtain their supply at Elboeuf and Rouen. The depth it

would be necessary to sink the new well constituted the unknown con-

ditions of their undertaking ; but not only MM. Arago and Walferdin,

but also M. Mulot, calculated from the first that they would find the

chalk extend to at least 1300 to 1400 feet from the surface. So little,

however, was known of the probable cost, or of the dangers and risks

of these deep borings, at the time the well of Grenelle was commenced,

that the municipality of Paris only voted a sum of 18,000 francs

(£720) for boring three such wells.

On the 29th of November, 1833, the works of the Grenelle well

were commenced by M. Mulot, and after encountering many serious

difficulties from the nature of the ground, and from the fracture of the

tools made to work at so great a distance from the surface, the able

and scientific men who had supported M. Mulot through evil report

and bad report, were rewarded by finally obtaining a copious jet of

water from the lower green sand on the 26th February, 1841. The

depth then reached was 1806 feet 9 inches, of which 1378 feet were

in the chalk ; the water rose at first at the rate of 800,000 gallons per

day, to the height of about 122 feet (the level of the distributing re-

servoir of Grenelle), and its temperature was about 82° Fahrenheit.

"VYhen it first rose to the surface, it contained large quantities of sand,

clay, and other matters in mechanical suspension, and it was nearly 12

months before the water passages of the subterranean strata were suf-

ficiently cleared to allow the water to rise in a state fit for distribution.

On several subsequent occasions also, the sand has accumulated in such

quantities, in the pipes lining the bore, as to render it necessary to

draw and clean them.

This boring operation had been watched very carefully by English

engineers, and even during its progress similar works had been at-

tempted in our own country. As might naturally have been expected,

the success of the Grenelle well, under these circumstances, induced

our countrymen to continue their work with redoubled ardor, but un-

fortunately they have displa3^ed less perseverance, and it is to be fear-

ed less skill, than our neighbors ; for hitherto none of the deep borings

undertaken avowedly for the purpose of obtaining a supply of water

from the subcretaceous beds in either the London or the Hampshire
basins, have completely succeeded. In the case of the Kentish Town
well, it is true that some very extraordinary and anomalous conditions

of the strata have been found to exist, which have totally deranged all

the scientific calculations of the able ffeolofrists and Avell-borers con-

suited during its execution ; but it has too often happened in England,

that works of the kind we are now considering have been undertaken
solely on the recommendation of amateur geologists, or of " practical

men," as it is the fashion to call those who are totally ignorant of re-

corded science ; and the consequence has been that several very costly

wells have been undertaken, carried on at great expense, and subse-

quently abandoned in despair, perhaps just at the moment when suc-

cess was within grasp.
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One of the earliest of the attempts made in England at sinking an

artesian well to the lower green sand, was the one made, almost unin-

tentionally, by the town of Southampton. It was commenced by a

preliminary boring through the London clay to the chalk, which was

reached at a depth of 480 feet from the surface, the upper strata tra-

versed consisting of the sands, clays, and plastic mottled clays of the

Hampshire tertiary series. It seems that the well-borer employed car-

ried the boring to a depth of 50 feet beyond the surface of the chalk

already mentioned, and he then reported that an ample supply of wa-

ter was to be obtained from that formation. A shaft was sunk on faith

of this report, commencing with a cast iron lining of 13 feet diameter,

which it was proposed to carry to a depth of 160 feet, and then to

commence boring with a hole of 30 inches diameter, diminishing gra-

dually to 20 inches in the chalk. The cylinders used were, however,

found to be too weak for the purpose they were intended to fulfil

;

they collapsed in places, and, in driving, they assumed a direction

seriously out of the perpendicular. The contractor failed when the

cylinders had been thus badly lowered to the depth of about 60 feet,

and the works were then taken out of his hands, and placed in those

of Mr. Docwra, one of the most able well-sinkers and water works

contractors of our country and of our day. With great trouble he

drove the shaft completely down to the chalk, finishing it w^ith a clear

external diameter of 9 feet 4 inches
;
part of it was lined with cast

iron plates, and part of it with brickwork in cement. The brickwork

lining was carried three feet into the chalk, and below it the shaft was
continued to the total depth of 562| feet from the surface, in the solid

chalk, without any lining, and with a clear diameter of about 7 feet

;

a boring was then commenced of Ih inches diameter, and was carried

down eventually to a total depth of 1317 feet from the surface. The
chalk formation was found here to have a thickness of 851 feet, and
the works were suspended when the boring had traversed only 12 feet

of the chalk marl. Now at Chichester, where Mr. Gatehouse had also

sunk a deep well to the upper green sand about the same period, the

thickness of the chalk marl was found to be 61 feet ; the upper green

sand and gault are of variable thicknesses, but the greatest depth re-

corded for them was that of the new well at Passy, where they were

about 274 feet deep. It is, therefore, very probable, that if the South-

ampton well had been carried down 330 feet further, or to a total

depth of 1650 feet in round numbers, the problem as to the possibility

of finding water from the lower green sand, in the Hampshire basin,

might have been solved. In the well at Chichester this solution could

he even more easily attained, for the boring had actually been carried

about 180 feet nearer to the probable surface of the lower green sand,

leaving only 200 feet still to be traversed.

It would be impossible to record all the important works undertaken

of late years for obtaining water by means of artesian wells, but the

circumstances connected with the history of those attempted at Calais,

Kentish Town, and Harwich, are so singular, that it behooves us to

dwell upon them. At Calais the well was sunk through the chalk, and

the whole series of the sub cretaceous strata, to a total depth of 1047
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feet from the surface, but no water was obtained from it, and the

boring passed, at the depth above-named, into the transition rocks,

in which it was carried for a further depth of 103 feet. At Kentish
Town, the Hampstead Water Works Company endeavored to secure an
artesian supply, in order to comply with the provisions of the Metro-
polis Water Works Act of 1851. They had very wisely consulted Mr.
Prestwich upon the geological questions involved in the preliminary

inquiries, and they employed Messrs. Degousse and Laurent, the best

known and most successful well-borers up to that period, on the Con-
tinent. Geologists and practical men alike in this instance reasoned

that, because the lower green sand outcropped around the edges of

the chalk basin containing the Paris tertiaries, therefore, there was
every a priori reason to believe that the subcretaceous formations

would continue under London, and furnish, as had been the case at

Paris, the water for a well carried down to them. Acting upon this

belief, the company commenced boring in the chalk, at the bottom of

a shaft previously sunk to the depth of 539 feet from the surface. The
boring was commenced with a diameter of 12 ins., reduced to 10 ins.

in the intermediate part, and finishing with a diameter of 8 ins. The
work began on the 10th of June, 1853, and was carried on with every
appearance of success for a considerable time. The strata traversed

were found to occur in their regular order, and of the anticipated

thicknesses, until the boring had traversed the gault formation at the

depth of 1113 feet 6 inches from the surface ; but when, as Mr. Prest-

"wich said, every body believed that " a very few more turns of the

auger would tap the water-bearing sands of the lower green sand
formation," it was found that the borings passed at once into a series

of beds consisting of alternate layers of red sandstones, red clays,

conglomerates, red sands, and rounded pebbles, which geologists are

now disposed to class amongst the new red sandstone series. It is very
difficult to form any decided opinion as to the real nature of a deposit

which has only been explored by the boring tool, especially when the

diameter of the bore was only eight inches, as at Kentish Town ; and
I confess that for my own part, as I said before in this room, and
shall have occasion again to repeat, I am disposed to regard the beds
of red clays and sandstones rather as being members of the Wealden
series than of the new red sandstone. But in either case it was evident

that the water-bearing strata were interrupted under London, and that

there was no probability of obtaining a supply of any description from
them in that district. In fact, the Hampstead Water Works Company,
after the failure of this attempt, were compelled to sell their interests

to the New River Company, and the well was stopped at the depth
above quoted, added to the depth traversed in red sandstones and
clays, or at a total depth from the surface of 1302 feet.

About the same time that this unexpected result was obtained at

Kentish Town, Mr. P. Bruff, C. E., was employed upon an attempt to

obtain water for the town of HarM'ich, either by a deep well in the

chalk, or by traversing, if necessary, the strata below the chalk. Several
attempts appear to have been previously made at Harwich to obtain a
supply from the chalk, but they had failed, in consequence of the in-
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filtration of salt water into the wells sunk close to the sea shore. Mr.
Lankaster Webb, of Stowmarket, a town situated upon the high lands

of the valley of the Gipping, the main affluent of the Orwell, had exe-

cuted a well 895 feet deep, through the drift clays and gravels over

the chalk, the cretaceous formations, and the upper green sands and
gault. I do not know the level of the ground at Mr. Webb's factory,

but as a rough guess I should say that it was about 240 feet above the

high tide level at Harwich ; and I am not, therefore, surprised that

the persons connected with the well at the latter town should have ex-

pected, that upon traversing the chalk they would meet with a supply
of water under the true artesian conditions. It happened, however,

that after the Harwich boring had passed through the drift, the ter-

tiary strata, the chalk, the upper green sand, and the gault, to the

depth of 1025-| feet from the surface, it passed, not into the lower

green sand, but into a black slaty rock, which Mr. Prestwich pro-

nounced to be a common grey slate of the paloeozoic series, whose
precise position in the series could, however, hardly be defined, on
account of the absence of fossils. Thus at Calais, and I believe also at

Ostend, the lower green sand is wanting, and is replaced by a member
of the carboniferous series ; at Kentish Town the lower green sand is

absent, and it is replaced perhaps by the new red sandstone beds,

whilst at Harwich the lower green sand is replaced by the very earli-

est clay slate rocks.

Now, there may be drawn, from these unexpected results of the deep
borings in the tertiaries of what may be specially named the London
basin, some valuable scientific and practical conclusions. These may
be briefly stated as follows :—1st, That at present, geology is only so

far advanced as to enable us to state, with tolerable certainty, what
we shall not find under the surface, but by no means to justify any
positive assertion as to what we shall find : thus, knowing that the

London clay is on the surface, we may be certain that the crag will

not be found beneath it ; but it by no means follows that necessarily

the chalk, the lower green sands, the oolites, or the usually subordi-

nate strata, should be there. 2d, That the first attempt to sink an ar-

tesian well through a previously untried stratum, is at all times a ha-

zardous experiment, and that it is, therefore, one which should never

be tried by those who only work with the money raised by forced tax-

ation. It was upon the latter ground that Mr. Ranger very properly

recommended the town of Southampton to stop the philosophical ex-

periment upon which they had already incurred so large an outlay;

and it is certainly wiser to leave the solution of these problems to mu-
nicipalities possessed of private resources, or to private enterprise,

than to expend upon them the money wrung from the rate-payers.

3d, And possibly this may be the most important conclusion of all—it

would appear to be proved by the occurrence of the earlier strata in

the geological series at Calais, Kentish Town, Harwich, and, if I be

not mistaken, at Ostend also, that Mr. Goodwin Austin's theory' of an
upheaval of the carboniferous series existing between its extremity on
the French coast, and its reappearance in the Bristol and the South
Wales coal field, is correct. A full discussion of this important inquiry
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would be misplaced in this paper, but I cannot refrain from repeating

what I myself have said before, viz : that from all "which is at present

known, it would be more rational to seek for coal under London, than

for soft water. At the same time, I would guard myself against any
appearance of encouraging an attempt of the former description, unless

it were distinctly undertaken as a speculation, with great, nay, almost

infallible chances of loss.

The next important artesian borings executed of late years in chro-

nological order, were those undertaken under the superintendence of

the French military authorities in the Desert of Sahara, avowedly for

the purpose of forming stations for the caravans trading between Al-

geria and Central Africa. They were executed by means of tools made
by Messrs. Degousse and Laurent, who seem also to have occasionally

acted as consulting engineers, but the works were actually performed

by the soldiers, or the laborers employed by the " Corps due Genie
Militaire." It appears that up to the month of June, 1860, no less

than 50 of these wells have been sunk in the desert, and that they pour

upon its thirsty surface no less than 7,920,000 gallons of water per

day. Similar works were, according to Aime Bey, executed in the de-

serts of Ancient Egypt, as was before alluded to, and there are good

reasons for believing that the system of artesian borings might ad-

vantageously be applied in the deserts of north-western India and
Australia.

(To be Continued.)

The Economic Construction of Girders.
i'Tom the Lond. Civ. Eng. and Arch. Journal, June, 1862.

(Continued from page 156.)

Since writing the last article on this subject, we have calculated the

practical weights of several other forms of openwork girders of simi-

lar proportions to those already given, and as several of these new
forms possess considerable economic merit, and the whole will form a

pretty complete investigation of this particular group of girders—hav-

ing a depth equal to one-eighth of the span, the roadway divided into

eight bays, the fixed loading equal to half a ton, and the movable
loading equal to one ton per foot run—it is desirable that the calcu-

lations of these new forms should also be given in detail, and the re-

sults for all the forms collected together in one table.

We group the results under the two distinct cases of the roadway
platform being placed—1st, at or above the level of the upper boom
of the girder ; and, 2d, at or below the level of the lower boom. We
advisedly omit the case of the roadway being placed at the level of

the neutral axis; such a position must generally entail the employment
of much extra material, and has nothing to recommend it, at least

when openwork girders are employed.

Although the table of results shows that the girders taken alone

may be made decidedly lighter for the second case than for the first,

yet for various economic reasons, the first arrangement, or that in

Vol. XLIV.—Third Series.—No. 4.—October, 1862. 20
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which the roadway rests on the tops of the girders, is to he preferred

when the choice can be made. Of these reasons for the preference vre

may mention the following :—First, lightness of the transverse gir-

ders ; when single principal girders are used in a railway bridge, one

being placed immediately beneath each rail, transverse girders may
be got rid of altogether, without the use of unduly thick planking;

and when the girders are double ones, or each capable of supporting

one complete line of railway, the distance betAveen them, or the length

of bearing for the transverse girders, may be only 11 or 16 feet

;

whereas, in the case of the platform being at the lower boom level,

the lengths of bearing for the transverse girders must be respectively

about 14 and 25 feet, according as single or double principal girders

are employed. The second reason is, that free scope is allowed for

the introduction in the best manner of the necessary horizontal and

transverse bracings ; with the consequent lightness and perfection of

action of these elements of the structure. The third reason is, that

R'ith the roadway at the top rather than at the bottom level of the

girders, the total height of the structure is less by a length equal to

the depth of the girder.

There should then, when economy and excellence of construction

are considered, be no hesitation in adopting the first arrangement,

whenever the circumstances admit of it. But very frequently this

cannot be, as the arrangement would not allow of sufficient headway
beneath the girders for the requirements of the road or river bridged

over.

When constrained to place the roadway platform at the lower level

of our girders, it will be a source of great advantage if we can have

these so deep that the upper booms may be connected together over-

head by a horizontal bracing ; for in the absence of such a connexion

a considerable addition of material in the upper booms to prevent late-

ral warpings and consequent failure would be demanded. But with

the girders we are considering, or others of great proportionate depth,

it will only be for trifling spans that this knitting together of the two

booms cannot be managed. By attaching the transverse girders so

that their tops come in contact with the under surfaces of the tie-

booms, a clear height above the rails and below the upper horizontal

bracing, equal to the depth of girder for calculation, may be readily

secured ; so that with girders eight depths in span, we may use the

connected arrangement, although tlie span be even somewhat less than

120 feet. And for spans considerably less than this it may still be

advisable to adopt this tubular arrangement, by retaining the neces-

sary depth of girder ; for instance, for a span of about 90 feet, we
could have the depth of girder equal to one-sixth the span.

"When the spans and consequently the depths are great, and the

road at the lower boom level, a light line of horizontal bracing may
be run along the neutral plane, or near to it—this will add greatly to

the stiffness of the struts of the web, so that the allowance of metal

(a) given to them may be considerably reduced. In fact, with such a

support against lateral bending and the support in the plane of the

girder afforded by the crossing ties in the first form of girder, the
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lengths of the struts of the bracing wouM be virtually reduced to one-
half.

For either position of the roadway, it will generally be best to adopt
one of those forms the results for which are given in the last coluiiiu

of Table XXXII. For with such the piers need not be carried up be-
yond the lowest member of the girder.

It may here be proper to give some further particulars of the prin-

ciples on which the values of the factor a for the various parts are
assigned

;
particularly as these may not be thought very correct by

some readers. And it is for this reason that the calculations are given
in such detail, that the results with other values of a (either more cor-

rect or in accordance with the practice of other constructors) may be
readily computed.

The general dimensions and character of the sections of the booms
•will be chosen with reference to the greatest stress to be borne, which
is here at the midspan ; and this must lead to a large excess of metal
being given to the less strained bays, so much so that in the girders

we are considering, the extreme bays may be taken as not reducible

below the following per centages of the strongest or central bays when
a proper regard is paid to firm and durable construction :—for the
sectional area of the extreme bay of the strut-boom we give about QQ
per cent, of the section at tlie midspan, and for that of the extreme
bay of the tie-boom, about 35 per cent, of its central section.

Then with regard to the struts of the bracing—the sections of these

have in a general sense been taken from actual fabrics. It may be
noticed in the first place, that when the vertical component, V, of the

stress is the same for a perpendicular as for an oblique brace, the

value of a has been chosen the same for each ; the reason for this be-

ing that the actual stresses (= v sec ) in proportion to the lengths

are the same. Such a rule would not be correct were the struts all of

solid section, or all of exactly similar sections, but when the struts

are built up of plates and angle irons, the rule is, -within reason-

able limits, practically very near to the truth. Again, if we take
the case of a strut, say strut A of Table I, which receives sup-

port in one direction only, from the tie H, crossing and being at-

tached to it at its middle, we find a = -00060 ; then turning to the

similar strut A of Table XV., which receives no such support, we yet
find the value of a still = '00060 ; the reason for this is that the

latter strut has to carry a stress whose vertical component is equal

to l^h units, whereas the former strut has a value of V equal to only
6 units ; the sectional areas will therefore be in these proportions, and
it is assumed that the excess of section in the latter will be sufficient

to make up for the loss of assistance from a crossing tie.

If the depths of the girders were reduced from one-eighth to one-

sixteenth of the span, the lengths of the braces and of the bays -would

be reduced by one-half, and the stresses in the booms would be dou-

bled. Such changes would indicate a reduction in the values of a for

all the struts (although the allowance for extra length in the braces

might require to be increased), and from the stouter section that could

be used for the upper boom its end-bays might be reduced in section-
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al area, to say 60 per cent, of the central ones, and the end-bays of

the ties to one-third. We have run out the calcuhitions for such gir-

ders—but neither the details nor results are of sufficient interest to

call for their being given here. The results are, indeed, only what

might have been predicted—viz., the weights of the booms rather less

than the double of those for girders of double the depth, and the

•weights of the webs rather less than those for the deeper girders.

Further, the influence of the value of ^, the angle of inclination of the

braces, is augmented in aflfecting the weight of the web in each exam-

ple, but as the web constitutes only about one-fifth of the whole weight

of the girder, instead of one-third as in the deeper forms, the import-

ance of an apparently considerable saving on it is greatly reduced

when estimated as a per centage over the whole structure ; thus, in the

examples having a depth of one-eighth of the span, a saving on the

•web amounting to 15 per cent, would represent a saving of 5 per cent,

on the complete girder, but when the depth is only one-sixteenth of

the span, to produce this saving on the whole girder would require the

saving on the web to amount to 25 per cent.

When the girders are single, i. e., only calculated to carry a mov-

able loading equal to half a ton per foot run, and at the same time

the span is moderate, a marked addition must be made to the values

of a for the struts, particularly in those of the web. From this it will

be seen that single girders when of moderate span, must weigh con-

siderably more than half the corresponding double ones ; it is there-

fore advisable where practicable, as in the case of the roadway being

at the upper level, to employ two double girders in preference to four

or more single ones. For very long spans, the preference for various

reasons may, on the contrary, be given to single girders.

We may now proceed to describe the various forms of girder, the

results for which are contained in Table XXXII, and to give the de-

tails of the remaining calculations.

The first, second, third, and fourth forms, have already been de-

scribed in the former paper.

The fifth form is a frame with a single series of braces, or what is

known as a warren-girder, commencing with a tie-brace, and with

6 = 2Q° 34' throughout.

The sixth form is also a warren-girder, with the same value of 0,

but commencing with a strut. It should be observed that for these

two forms, when the roadway is at the lower and at the higher levels

respectively, the distribution of the loaded points along the span be-

comes diff'erent from that in the other examples, and the amount of

loading due to each of the extreme points is only three-quarters of

that due to each of the others ; this, as has been shown in a former

paper, gives rise in itself to some change in the general results.

The seventh form is identical with the third, except that the tie H
of the third is replaced by a strut A introduced in the other diagonal

of the end quadrilateral compartment, and the vertical strut A of the

third form is converted into the vertical tie H of the seventh.

The remaining forms are modifications of the preceding seven, made
in order to suit them better for the particular cases.
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The eighth form is the first modified, to carry the road at the upper
level, and also to deliver the load at that level to the piers.

The ninth form is the first modified, to carry the load at the lower

level, and to deliver it at that level to the piers; this gives the most
economical of all the arrangements, although not much more so than

the fourteenth form, which further, from having the struts of the web
at right angles to the booms, may offer some constructive facilities.

The tenth form is the third modified, for an upper load, and an
upper bearing on the piers.

The eleventh form is the fourth modified, to carry the roadway at

the lower level, and to have its bearings on the piers at that level.

The twelfth form is the fifth or warren form, hung at the upper an-

gles, and with the end pillars and extreme half bays of the tie-boom

omitted.

The thirteenth form is the sixth, bearing on the piers at the lower
angles, and with the end pillars and extreme half bays of the top

boom omitted.

The fourteenth form is the seventh, modified for a load at the lower

level, and a bearing on the piers at that level. This form possesses

great economic merits, and may be looked upon as competing with

the ninth for the first place, for the case of the roadway being placed at

the level of the lower boom.^ and when there is to be but one span, or no
connexion with other spans over the piers. For the case of the road-

way being placed at the level of the upper boom, the first form must
still be regarded as holding the first place, whether for bridges with

separate or connected spans.

First Form.

Third Form.

E

< NJ m \^ O \i a

Fourth Form.

A 3 C D

Calculations of the WeigJit of Iron in the Bracings and end Pillars^

and in the Booms of the several forms of Girder.

The unit of length is taken equal to the depth of the girder, or to

one-eighth of the span.

The unit of stress or load is taken equal to one-eighth of the total

20*
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dead weight, or to one-sixteenth of the whole movable loading that

may be brought upon the girder.

The measure of the weight of iron in any part, as given in the ta-

bles, is equal to the greatest stress that may act upon it multiplied by

its theoretical length in the above units, and by the factor a ; and this

in the case of a brace will be = v sec'O, where v represents the verti-

cal component of the stress, and e the angle which the brace forms

with a vertical line.

The actual weight of iron in any brace or bay in tons will be ob-

tained by multiplying the representative number in the table by the

product in feet-tons of the units of length and stress. For the whole

weight of the web or booms of a girder we must further double the

results in the tables, since these are given for only half the length of

the girder ; or as explained before, we must multiply the tabular num-

ber by the square of the depth of the girder in feet, to obtain the

weight in tons.

The calculations for the first four forms haye already been given.

The Fifth Form, with the loading at the upper level.

Table XVIII. The Web.

Brace. a. V. Sec2(9. Weight.

A •00060 10-50 1-25 •00787

B •00067 7-75 1-25 •00649

C •00077 5-25 1-25 •00505

D •00090 300 1-25 •00338

E •00045 3 00 1 25 •00 169

F •00045 5-25 1-25 •00295

G •00045 7-75 1-25 •00436

H

I as a tie,

•00045

00

10-50

0-00

1-25

1^00

•00591

•03770

•00075

I as a strut, •00060 12 1-00 •00720

Table XIX. The Booms.

(N. B.—Each ordinary bay is one unit long).

Upper Boom. a. Stress. Weight.

1st Bay •00160 5-25 •00840

2 •00070 1425 •00997

3 •00060 20 25 •01215

4 •00055 23^25 •01279

.04331

Lower Boom.

00 0^00 •001891st Bay ^
2 •000 10-50 •00473

3 •000 18-00 •00810

4 •000 22^50 •01012

5 I •000 24-00 •00540

•03024
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The Fifth Form, with the loading at the lower level.

Table XX. The Web.

235

Brace. a. V. Sec 2 9. Weight.

•00705A •00062 9-094 1-25

B •00070 6-469 1-25 •00566

C •00080 4-094 1-25 •00410

D •00110 1 969 1 25 •00271

E •00045 4-093 1-25 •00230

F •00045 6-469 1-25 •00364

G •00045 9 093 1-25 •00511

H •00045 11-250 1-25 •00633

•03690

I as a tie. 0-750 100 00080
I as a strut, •00060 11 --250 100 •00675

Table XXI . The Booms.

Upper Boom. a. Stress. Weight.

1st Bay
2

3

4

Lower Boom.

•00152

•00070

•00060

•00035

00

•00045

•00045
•00045

•00045

5-625

14-625

20-625

23-623

0-000

10-125
17-6-25

22-125

23 625

•00855

•01024
•01238

•01299

•04416

•00186

•004.56

•00793

•00996

•00531

1st Bay i
2

3
4
5 I

•02962

The Booms as before = -07300.

The Sixth Form, with the loading at the upper level.

Table XXII. The Web.

Brace. a. V. Sec 2 e. Weight. \,
A •00060 11^250 1-25 •00844

B •00063 9093 1-25 •00717 .^^^
C •00070 6-469 1-25 •00566 ^H^^
D 00080 4-094 1-25 •00409 ^^
E •001 10 1-969 1-25 •00271 ^^
F •00045 4-093 1-25 •00230 ^^«%^
G •00045 6469 1-25 •00364 -^'^^'^^

H •00045 9-093 1-25 •00511

•03912 <
I as a strut,

I as a tie. •00045

0-750

11-250

1-00

1-00

•00200

•00506
^\
;•-. J
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Table XXIII. The Booms.

Upper Boom. a. Stress. Weight.

1st Bay J
2

3

4
5 i

Lower Boom.

00

•00086

•00065

•00053

•00055

•00066

•0O045

•00045

•00045

10-125

17-625

22 125

23-625

5-625

14-625

20625
23-625

•00420

•00871

•01146

•01283

•00650

•04370

371
658
928
1063

1st Bay
2
3

4

•03020

The Sixth Form, with the loading at the lower level.

Table XXIV. The Web.

Brace. a. V. Sec 2^. Weight.

A to H

I as a tie,

I as a strut.

Same as

•00045

00

n Table XVIIL

12-00 1-0

1-0

•03770

540
200

Table XXV The Booms.

Upper Boom. a. Stress. Weight-

1st Bay I
2

3

4
5 h

Lower Boom.

00

•00084
•00065

•00058

•00055

•00068

•00045

•00045

•00045

00
10-5

18-0

22-5

24-0

5-25

14-25

20-25

23-25

•00420

•00882
•01170

•01305

•00660

•04437

•00357
•00641

•00911

•01046

1st Bay
2

3

4

•02955

The Seventu Form, with the load at the upper level.

Table XXVL The Web.

Brace. a. V. Sec 2 9. Weight.

A . . .

B to G as in Table V.

H . . .

I as a tie, .

I as a strut,

00060

00

•00045

•00120

10-5

10-5

1-5

The

2

1

1

1

Booms =

•01260

•02498

•00060

•03818

•00479

•00180

•07300
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The weight of the booms in this and the next arranji^ement may be
taken the same as for the third form (Table XIV). The first bay of

the upper boom is relieved from all longitudinal stress, and the first

bay of the lower boom bears a stress of 10-5 ; any slight change in

the sections of these parts which such differences could warrant, would
neutralize one another ; and the other ba^s are all exactly as before.

The Seventh Form, with the load at the lower level.

Table XXA^I. The Web.

Brace. a. V. Sec ^ e Weight.

A •00060 10-50 2 •01260

B
)

lo \ as in Table VI. = •02184
G)
H •00045 30 1 •00135

•03579

I as a tie. •00045 12-00 1 •00510

I as a strut,

t

00 1 •00200

Half of Seventh Form.

Thi Eighth Form. Table XXVIII. The Web.

Brace. a. V. Sec 2 9. Weight.

A
B

J

to

G)
H

as in Table I.

•00067

•00045

6-0

10-5

1

2

•00402

•02176

•00945

•03523

Half of Eighth Form.

Table XXIX. The Booms.

Upper Boom. a. Stress. Weight.

1st Bay,
2(1 to 4th as in Table X.

Lower Boom. ^

Same as in Table X., >

without 1st Bay, )

•00080 10-5 •00840
•03353

•04193

•02700

The Ninth Form.

Half of Ninth Form. >c>C>^
u <.i o u <,J
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Table XXX. The Web.

Brace. a. V. Sec 2 9. Weight.

A
B )

to > as in Table II.

H .

•00060

•00045

10-5

6-0

2

1

•01260

01971

•00270

03501

Table XXXI. The Booms.

Weight.

Upper Boom same as in Table XL, wanting 1st Bay, = •03630

Lower Boom.
1st Bay, . . = '00045 X 10-5

2d to 4th same as In Table XI, .... =
•00473

2497

•02970

TnE Tenth Form.

Half of Tenth Form.

The results for this are obtained from the data in Tables V, and XIV.

The Eleventh Form.

Half of Eleventh Form.

The results for this are obtained from the data in Tables VIII, and XV.

The Twelfth Form.

The results for this are derived from the data in Tables XVIII and XIX, and
Tables XX and XXI.

The Thirteenth Form.

The results for this are derived from the data in Tables XXIV and XXV.

The Fourteenth Form.

The Web is the same as in Table XXVII. The Upper Boom may
be taken from Table XIY, with the first Bay omitted.

The Lower Boom may also be taken from Table XIV, after mak-

ing the first Bay equal to the second.
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Strain on Arches and Suspension Chains.
From the London Artizan, July, 1862.

The arch and suspension chain are identical in principle, the only

difference between them being that the arch is subjected to compres-

sion, and the suspension chain to tension.

The suspension chain being flexible can be altered in its form by
any partial load, which the arch cannot. If we suppose a chain sup-

ported at its ends by two points infinitely close together, then the

chain is subject to the least tensile strain, having only its own weight

to carry ; if these points be gradually removed from each other, the

tensile strain will continually increase until the chain is straight, when
it will assume the condition of a straight girder, and be subject to both

tension and compression. If it now begins to curve upwards the strain

will become wholly compressive, and the structure will be an arch.

As the points of support are brought closer together, the strain con-

tinues to decrease until the points of support become one, when the

strain is at a minimum, and the conditions of a column are assumed.

Arches are constructed of various forms, although a parabolic curve

seems to be most suitable.

The form which a uniform chain or cord assumes when freely sus-

pended from two points is termed the catenary curve, and this is always

assumed when the chain has only its own weight to carry ; but if the

chain were devoid of weight and a uniformly distributed load were

suspended from it, the form of the chain would be that of the parabo-

la. In practice the form of the chain is influenced both by its own
weight and by the load ; it is therefore some curve intermediate be-

tween the catenary and parabola, approaching one or the other, as

the chain or load becomes heavier, but it usually approaches nearer

to the parabola than to the catenary. The true form of the curve has

been demonstrated by Professor Moseley, but it is sufficient for all

practical purposes to consider it as a parabola.

Before proceeding to the determination of the strains upon arches

and suspension chains, we will give a formula for finding the length

of the suspension rods and of the chain, on the supposition of its

forming a parabola.

Let I = length of any suspension rod.

Zi = length of shortest suspension rod.

d = deflection of chain.

g = semispan.

X = distance of suspension rod from centre of chord.

L = length of half the chain.

Then Z=/, X^2

Theory of the Arch.—Let A B (Fig. 1) represent half an arch sub-

ject to a uniformly distributed load.
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Let P = horizontal pressure produced by the other part of the arch.

W = total load on the arch.

Wj=load between the centre of the arch and any section.

S = the span.

V = versine to the line of resistance.

From the point e at the centre of gravity of the section draw the

horizontal line a e, wliich is the

direction of the liorizontal pres-

sure P. From a let fall the per-

pendicular ad; then the forces

acting on a section c will be re-

presented by the sides of the tri-

angle a b c, a h being equal to P,

the horizontal pressure, and a c

equal to w, the vertical load; h c

will be the resultant of these two

forces.

"We first find the form assumed by the line of resistance; e the in-

tersection oi ch with a d, being one point in the line, and e another.

Let R = the thrust at the point c.

a=^ah c = inclination of curve of resistance at c.

Then, "^1=" p tan. a.

R = y (p^ + Wj^) = P sec. «.

To obtain from these an equation to the curve, let that curve be re-

ferred to rectangular co-ordinates, horizontal and vertical, commenc-
ing at e, the highest part, and call ae=^x, ac=-y; then,

dy dti w . .

tan. a=-—

^

.-. -^=z—L (1)dx ax F ^ ^

From this equation, the equation to the curve may be obtained

when the distribution of the load is known.

Let w = load per foot lineal. .*. ^Y^=w x, and the equation (1)

, d y IV X
becomes —^ = •—

dx p

This being integrated, remembering that when x o = ?/ = o

w x^
y = --C— which is an equation to the parabola.

Hence it appears that the curve of resistance is a parabola.

Let /3=the angle made with the horizon by a tangent, the curve at

its point of intersection with the abutment.
Then for the thrust at the centre of the arch we have

p= VP" \vs

R=4
tan. {-i

o— for the thrust at any section c.

W^ S'

Vol. XLIV Third Series

- + Wj' for the thrust at the abutment.

No. 4.—October, 1862. 21
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Let T = the thrust.

Civil Engineering.

S 64
+64v^

Arch for Uniform Fluid Pressure.—It is evident that an arch to

resist a uniform fluid pressure from -without should be circuhir, be-

cause as the force to Avhich it is subjected is similar all round, its

figure should be similar all round.

To find the thrust on the ring or circular arch,

Let p = pressure per square foot on the circumference.

r = radius of ring.

. T = thrust on a part of the ring one foot in width.

Then, 1 = p r.

The hydrostatic arch is a linear arch, suited for sustaining normal
pressure at each point proportional to the depth beloiv a given hori-

zontal line, such as that produced by a liquid in repose.

To have the thrust on the arch uniform, the radius of curvature at

any point should be inversely as the pressure at that point. The
thrust on the arch is equal to the pressure multiplied by the radius of
curvature. The hydrostatic arch is found to present some resemblance
to a trochoid, but it is not identical with that curve.

FicT 2 Pointed arches.—If a linear arch, as in Fij;. 2,

consists of two arcs B c, C B, meeting in a point

at C, it is necessary to equilibrium that there

should be concentrated at c, a load equal to that

which would have been distributed over the two

arcs A C, C A, extending from the point C to the

respective crowns a a of the curves, of which
two portions form the pointed arch.

Theory of Suspension Chains.—The form of the curve assumed by
the chain, and the formula relating to it, have already been given.

The strains on a suspension chain may be determined in a manner
precisely similar to that applied to the arch. We shall, however, fur-

ther investigate the strains upon it by another method.

Let A B(Fig. 3) represent a suspension chain; ^ B is a tangent to

the curve at the point of suspension,

making an angle d with the horizon-

tal chord A c B ; A /is a tangent to the

curve at any other point h, making an
angle 9^ with the horizontal semichord

h d.

e 8i are called angles of direction.

Let it be required to draw a tangent

to the curve at any point h ; from h
draw the horizontal chord h i; and from the centre of this chord line

let fall the perpendicular d f; make df twice the deflection d e, and

join hf; then A/ will be the tangent, and f h d will be the angle of

direction. As sin. o and tan. e will be required, we will give formu-

lae for finding them before proceeding further.

A

Fig. 3.

c 6

\
>. I' cl /./
\----^ ^

\
\ J

y
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Let d = the greatest deflection.

s = the semichord.

2d ^. 2(7
Then, Tan. 9 =

—

Sin. 9 =
s

^
^{2df+s'

To find the tension on the chain,

Let w= half the total load.

T =tension at point of support.

t =lo\vest point in chain.

9 =the angle of direction at point of support.

Then T=^ , and t
sin. 9 tan.o

Let L == span of chains.

Then substituting the values of the tangent and sine,

''= 2d~ 4(i-

(To be Continued.)

MECHANICS, PHYSICS, AND CHEMISTRY.

On a Uegenerative Gas Furnace, as applied to Glass-houses, Pud-
dling, Heating, ^^c. By Mr. C. William Siemens, of London.

From Xewton's London Journal, August, 1862.

The arrangement of furnaces about to be described, is applicable

with the greatest advantage in cases \\here great heat has to be main-

tained ; as in melting and refining glass, steel, and metallic ores, in

puddling and welding iron, and in heating gas and zinc retorts, &c.

The fuel employed, which may be of very inferior description, is sepa-

rately converted into a crude gas, which, in being conducted to the

furnace, has its naturally low heating power greatly increased by being

heated to nearly the high temperature of the furnace itself, ranging

to above 3000° Fahr. ; undergoing at the same time certain chemical

changes, whereby the heat developed in its subsequent combustion is

increased. The heating effect produced is still further augmented by
the air necessary for combustion being also heated separately to the

same high degree of temperature, before mixing with the heated gas

in the combustion chamber or furnace ; and the latter is thus filled

with a pure and gentle flame of equal intensity throughout the whole

chamber. Tlie heat imparted to the gas and air before mixing is ob-

tained from the products of combustion, which, after leaving the fur-

nace, are reduced to a temperature frequently not exceeding 250° F.

on reaching the chimney ; thereby eff'ecting great economy in fuel,

with other advantages.

The transfer of heat from the products of combustion to the air and
gas entering the furnace, is eflected by means of regenerators, the

principle of which has been recognised to some extent since the early



244 3Iechan{cs, PJii/sics, and Cliemistry.

part of the present century, but lias not hitherto been carried out in

anv useful application in the arts, unless the respirator invented by
Dr. Jeffreys be so considered. The discovery of this principle is

ascribed to Rev. Mr. Stirling, of Dundee, who, in conjunction "with

his brother, James Stirling, attempted as early as the year 1817 to

apply it to the construction of a hot-air engine ; their engine did not,

however, succeed, nor did Captain Ericsson's later attempts in the

same direction lead to more satisfactory results. The economical

principle of the regenerator having attracted the writer's attention in

184C, he constructed in the following year an engine in which super-

heated steam was used in conjunction with the regenerator; many
practical difficulties, however, prevented a realization of the success

which theory and experiments appeared to promise ; but it is gratify-

ing to find that one principle then adopted—that of superheating the

steam—has since received the sanction of an extended application.

The employment of regenerators for getting up a high degree of

heat in furnaces, was suggested in 1857 by the writer's brother, Mr.

Frederick Siemens, and has since been worked out by them conjointly

through the several stages of progressive improvement. The results

obtained by the earlier applications of the principle were communi-

cated by the writer in a paper read at a former meeting of the Insti-

tution, and two or three of the furnaces then described, employed

for heating bars of steel, still remain in operation. In attempting,

however, to apply the principle to puddling, and other larger fur-

naces, serious practical difficulties arose, which, for a considerable

time, frustrated all efibrts ; until, by adopting the plan of volatilizing

the solid fluid in the first instance, and employing it entirely in a ga-

seous form for heating purposes, practical results were at length ob-

tained, surpassing even the sanguine expectations previously formed.

In the early form of the regenerative heating furnace, which has

been in continuous work during the last three years for heating bars

of steel at Messrs. Marriott and Atkinson's Steel Works, Sheffield,

and also at the Broughton Copper Works, Manchester, there is a sin-

gle fireplace, containing a ridge of fuel, fed from the top, and two

heating chambers, in which the bars of metal to be heated are laid

with a regenerator at the end of each chamber, by which the waste

heat passing off from the furnace is intercepted on its way to the

chimney, and transferred to the air entering the furnace. Each re-

generator is composed of a mass of open fire-bricks, exposing a large

surface for the absorption of heat, tlirough Avhich the products of com-

bustion are made to pass from the furnace, and are thus gradually de-

prived of nearly all their heat previous to escaping into the chimney.

The end of the regenerator nearest the furnace becomes gradually

heated to nearly the temperature of the furnace itself, while the other

end nearest the chimney remains comparatively cool. The direction

of the draft being now reversed by means of a valve, the air entering

the furnace is made to pass through the heated regenerator in the

contrary direction, encountering first the cooler portions of the brick-

Work, and acquiring successive additions of heat in passing through
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the regenerator, until it issues into the first chamber of the furnace at

a very high temperature, and, traversing the ridge of fuel, produces a

flame which fills the second heating chamber ; whence the products of

combustion passing through the second cold regenerator deposit their

heat successively in the inverse manner, reaching the chimney com-
paratively cool. By thus alternating the current through the two rege-

nerators, a high degree of temperature is maintained constantly in the

furnace. This arrangement of furnace is evidently applicable only in

exceptional cases where two chambers are to be heated alternately,

nor does it admit of being carried out upon a large scale.

In heating a single chamber the expedient was resorted to of pro-

viding two fireplaces, to be traversed in succession by the heated air,

with the heating chamber placed between. Here the difficulty arose

that the air, the oxygen of which was already combined with carbon

(forming carbonic acid) in traversing the first fireplace, took up a

second equivalent of carbon (forming carbonic oxide) in traversing the

second, so that the fuel of the second fire was consumed to no purpose.

In order to diminish this loss, and also avoid impairing the draft by a

double resistance, the ridges of fuel were discontinued, and the coal

was fed into the furnace from the sides resting on a solid hearth, to

be there volatilized by the heated air passing over it. By frequently

stirring the first fire, its combustion was favored until the current was

reversed, when it was left undisturbed until the next change, and so

on alternately. It was found very difficult, however, to maintain an
active and uniform combustion, and to burn the purely carbonaceous

substance that was left in the fireplace after the gaseous portion of

the fuel had been volatilized ; and it had frequently to be raked out

in order to make roorn for fresh gaseous fuel. This circumstance led

to the first step towards the employment of fuel in the form of gas, by
providing a small grate below the heap of fuel, through which a gentle

current of air was allowed to enter, forming carbonic oxide, which

afterwards further combined with oxygen on meeting with the hot

current of air entering the furnace from the regenerator. The two fire-

places of alternating activity were, however, attended with considera-

ble practical inconvenience; the furnaceraen, in particular, disliked

the idea of attending two fireplaces instead of one, and being little in-

terested in the saving of fuel, took no pains to work the furnace in a

satisfactory manner.
It therefore became necessary to devise a plan of heating a single

chamber continuously by one fireplace, in combination with the alter-

nate reversal of currents through the regenerators, but without re-

versing the direction of the flame. This was accomplished by means of

double reversing valves, and was practically carried out in a puddling

furnace that worked for a considerable length of time at the ironworks

of Messrs. R. and W. Johnson, near Manchester.

There still remained drawbacks, however, which prevented an ex-

tensive application of this form of furnace ; the fire required frequent

attention, and it was difficult to maintain a uniform volume of flame

in the furnace ; the reversing valve at the hot end of the regenerators
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was, moreover, liable to get out of order, and the furnace was costly

to erect.

The most important step in the development of tlie regenerative

furnace, has been the complete separation of the fireplace or gas pro-

ducer from the heating chamber or furnace itself. When a uniform
and sufficient supply of combustible gas is insured, it can evidently

be heated just like the air, by being passed through a separate re-

generator before reaching the furnace, whereby its heating power is

greatly increased. The difficulty of maintaining a uniform flame in

the furnace is thereby certainly removed, and there is no longer any
necessity for keeping the flame always in the same direction through
the furnace, since the gas can be introduced with equal facility at

each end of the heating chamber in turn, and the periodical change
of direction of the flame through the furnace tends only to make the

heat more uniform throughout. The ncAV plan of a separate gas pro-

ducer has now been successfully carried out in practice, and there are

already a coiisiderable number of the regenerative gas furnaces in

satisfactory operation in this country and on the continent applied to

glass-houses, iron furnaces, &c. In the neighborhood of Birmingham,
at Messrs. Lloyd and Summerfield's glass works, a flint glass furnace,

constructed upon this plan, has now been in continuous operation for

nearly twelve months, and affords a good opportunity for ascertaining

the consumption of fuel of the regenerative furnace as compared with
the previous furnace performing the same work. At the glass works of
Messrs. Chance, Brothers, & Co., near Birmingham, the regenerative
gas furnace has been under trial for the same length of time, and has
latterly been adopted for the various purposes in crown and sheet
glass making upon a very large scale. Messrs. James Russell & Sons,
Crown Tube Works, Wednesbury, are also applying the furnace to the
delicate operation of welding iron tubes. Another flint glass furnace,

erected by Messrs. Osier in Birmingham, and several puddling fur-

naces erected by Messrs. Gibbs Brothers, at Deepfields, and by Mr.
Richard Smith, at the Round Oak Iron Works, are amongst the latest

applications of the regenerative gas furnace, the designs having in all

cases been furnished by the writer, and carried out under his brother's
immediate superintendence.

The gas producers are entirely separate from the furnace where the
heat is required, and are made sufficient in number and capacity to

supply several furnaces. The fuel is supplied at intervals of from six

to eight hours through covered holes, and descends gradually on an
inclined plane, set at an inclination of from 45° to 60°, according to

the nature of the fuel used. The upper portion of the incline is made
solid, being formed of iron plates covered with fire-brick ; but the
lower portion is an open grate formed of horizontal flat steps. At the
foot of the grate is a covered water trough, filled with water up to a
constant level from a small feeding cistern, supplied by a water pipe
with a ball tap. Below the water trough is an opening for drawing
out clinkers, which generally collect at that point. Small stoppered
holes are provided at the top of the producer, to allow of putting in an
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iron bar occasionally to break up tlie mass of fuel and detach clinkers

from the side walls. Each producer is made large enough to hold about

ten tons of fuel in a low incandescent state, and is capable of converting

about two tons of it daily into a combustible gas, which passes off into

a gas flue leading to the furnace.

The action of the gas producer m working is as follows :—The fuel

descending slowly on the solid portion of the inclined plane, becomes
heated, and parts with its volatile constituents, the hydro-carbon gases,

water, ammonia, and some carbonic acid, wdiich are the same as would
be evolved from it in a gas retort. There now remains from 60 to

70 per cent, of purely carbonaceous matter to be disposed of, which is

accomplished by the slow current of air entering through the grate,

producing regular combustion immediately upon the grate; but the

carbonic acid thereby produced, having to pass slowly on through a

layer of incandescent fuel, from 3 to 4 feet thick, takes up another

equivalent of carbon, and the carbonic oxide thus formed passes off

w^ith the other combustible gases to the furnace. For every cubic foot

of combustible carbonic oxide thus produced, two cubic feet of incom-
bustible nitrogen pass also through the grate, tending greatly to

diminish the richness or heating power of the gas. Not all the carbo-

naceous portion of the fuel is, however, volatilized on such disadvan-

tageous terms; for the water trough at the foot of the grate, absorb-

ing the spare heat from the fire, emits steam through small holes,

under the lid; and each cubic foot of steam, in traversing the layer of

from three to four feet of incandescent fuel, is decomposed into a mix-
ture consisting of one cubic foot of hydrogen and nearly an equal

volume of carbonic oxide, with a variable small proportion of carbonic

acid. Thus, one cubic foot of steam yields as much inflammable gas as

five cubic feet of atmospheric air; but the one operation is dependent
upon the other, inasmuch as the passage of air through the fire is at-

tended with the generation of heat, whereas the production of the wa-
ter gases, as well as the evolution of the hydro-carbons, is carried on
at the expense of heat. The generation of steam in the Avater trouo-li

being dependent on the amount of heat in the fire, regulates itself na-

turally to the requirements ; and the total production of combustible

gases varies with the admission of air; and since the admission of air

into the grate depends, in its turn, upon the withdrawal of gases evolved

in the producer, the production of the gases is entirely regulated by
the demand for them.

In order to deliver the gas into the furnace without depending upon
a chimney draft for that purpose, the following plan has been adopted:

The mixture of gases, on leaving the producers, has a temperature
ranging between 300° and 400° Fahr., which must, under all circum-

stances, be sacrificed, since it makes no difference to the result at

what temperature the gas to be heated enters the regenerators ; the

final temperature being in all cases very nearly that of the heated
chamber of the furnace, or say, 2500° Fahr. The initial heat of the

gas is, therefore, made available for producing a plenum of pressure

by making the gas rise about 20 feet above the producers, then carry-
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ing it through a horizontal tube 20 or 30 feet long, and letting it again

descend to the furnace. The horizontal tube, being exposed to the

atmosphere, causes the gas to lose from 100° to 150° of temperature,

which increases its density from 15 to 20 per cent., and gives a prepon-
derating weight to that extent to the descending column, urging it

forwards into the furnace..

The author then described the application of the regenerative gas

furnace to a melting furnace in course of erection at the British Plate

Glass Works, near St. Helen's. This furnyce was selected because of

its improved details of construction. The heating chamber of the fur-

nace contains twelve glass pots, which are got out through the side

doors when the glass is ready for casting upon the moulding table.

Underneath are placed transversely four regenerators, composed of

open fire-bricks built up on a grating : they are arched over at top,

and support the bed or siege of the furnace. The regenerators work in

pairs—the two under the right-hand end of the siege, communicating
with that end of the heating chamber, while the other two communi-
cate with the opposite end. The gas enters the chamber through

three passages, and the air through two intermediate passages, where-

by they are kept entirely separate up to the moment of entering the

furnace, but are then able immediately to mingle intimately, pro-

ducing at once an intense and uniform flame in the heating chamber.

The siege is built of fire-brick, with a number of transverse channels,

through which the cold entering air is made to pass on its way into

the air flue. By this means, the siege is kept comparatively cool, so

that no fluid glass can pass through crevices into the regenerators.

Any melted glass that may fall from the heating chamber through
the apertures at the ends of the siege does not get into the regenera-

tors, but falls into pockets, whence it can be removed through open-

ings in the side walls. The passage by which the air enters aftbrds

the means of getting at the regenerators through an opening at the

end of each.

From the air flue, the entering air is directed by a reversing valve

into the air regenerator, and there becomes heated, ready for entering

the furnace ; at the same time, the gas entering from the gas flue is di-

rected by a reversing valve into the gas regenerator, where it becomes
heated to the same temperature as the air. Similarly, the products of

combustion, on leaving the opposite end of the furnace, pass down
through the second pair of regenerators, and, after being here deprived

of their heat, are directed by the reversing valves into the chimney
flue. When the second pair of regenerators have become considerably

heated by the passage of the hot products of combustion, and the first

pair correspondingly cooled by the entering air and gas, the valves are

reversed, and the currents caused to pass through the regenerators

and the heating chamber in the contrary direction ; whereby the hot

pair of regenerators is now made use of for heating the gas and air

entering the furnace, while the cool pair abstracts the heat from the

products of combustion escaping from the furnace. The supply of air

and gas to the furnace is regulated by adjustable stop valves, -whereby
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the nature and volume of the flame in tlic furnace may be varied at

pleasure; whilst the chimney damper is used to regulate the amount
of pressure in the furnace in relation to the atmosphere, so as to allow

the opening of working holes.

In setting out each individual furnace, the heating effect required,

the quality of the fuel employed, and the particular nature of the pro-

cess to be performed, have to be considered. The amount of heat re-

quired determines the capacity of the regenerators : and the gas re-

generators require fully as large a capacity as the air regenerators,

and sometimes even a greater. This would, perhaps, hardly be expect-

ed, but will be seen to be the case from the following considerations

:

The gases proceeding from the gas producers are a mixture of olefiant

gas, marsh gas, vapor of tar, water and ammoniacal compounds, hy-

drogen gas, and carbonic oxide ; besides nitrogen, carbonic acid, some
sulphuretted hydrogen, and some bi-sulphuret of carbon. The specific

gravity of this mixture averages 0-78, that of air being I'OO; and a

ton of fuel, not including the earthy remnants, produces, according to

calculation, nearly 64,000 cubic feet of gas. By heating these gases

to 3000° Fahr,, their volume would be fully six times increased, but,

in reality, a much larger increase of volume ensues, in consequence
of some important chemical changes effected at the same time. The
olefiant gas and tar vapor are well known to deposit carbon on being

heated to redness, which is immediately taken up by the carbonic acid

and vapor of water—the former being converted into carbonic oxide,

and the latter into carbonic oxide and pure hydrogen. The ammonia-
cal vapors and sulphuretted hydrogen are also decomposed, and per-

manently elastic gases, with a preponderance of hj'drogen, are formed.

The specific gravity of the mixture is reduced, in consequence of these

transformations, to 0*70, showing an increase of volume from 64,000
to nearly 72,000 cubic feet per ton of fuel, taken at the same tempe-
rature. This chemical change represents a large absorption of heat

from the regenerator, but the heat is given out again by combustion

in the furnace, enhancing the heating power of the fuel beyond the

increase due to elevation of temperature alone.

The advantages of the regenerative gas furnace are of equal value

in the case of puddling and welding iron. In a puddling furnace con-

structed on this plan, the four regenerators are arranged longitudi-

nally underneath the puddling chamber, which may be of the usual

form. In order to complete the combustion of the gas and air in pass-

ing through the comparatively short length of the puddling chamber,

it is necessary to mix them more intimately than is requisite in the

large glass furnaces. For this purpose, a mixing chamber is provided

at each end of the puddling chamber, and the gas and air from the re-

generators are made to enter the mixing chamber from opposite sides
;

the gas aperture is, moreover, placed several inches lower than the air

aperture, so that the liu;hter stream of gas rises throuirh the stream of

air, while both are urged forward into the puddling chamber, and an
intense and perfect combustion is produced. The mixing chambers are

sloped towards the furnace, in order to drain them* of any cinders
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which may get over the bridge. The reversal of the current tlirough

the furnace is effected about every hour, by reversing valves in the

air and gas flues, the arrangement of which is exactly similar to that

already described in the glass furnace : the supply of gas and air is

regulated by throttle valves, and the draft through the furnace by the

ordinary chimney damper.
The same arrangement, with obvious modifications, may be applied

also to blooming and heating furnaces, the advantages in both cases

being a decided saving of iron, besides an important saving in the

quantity and quality of the fuel employed. The space saved near the

hammer and rolls by doing away with fireplaces, separate chimney
stacks, and stores of fuel, is also a considerable advantage in favor of

the regenerative gas furnace in ironworks. The facility which it aftbrds

for either concentrating the heating effect, or diffusing it equally over

a long chamber, by effecting a more or less rapid mixture of the air

and gas, renders the furnace particularly applicable for heating large

and irregular forgings, or long strips or tubes, Avhich have to be brought
to a welding heat throughout. It has already been applied to a consi-

derable extent in Germany, for heating iron ; having been worked
out there under the direction of the writer's eldest brother. Dr. Wer-
ner Siemens, who has also contributed essentially to the development
of the system. The furnaces at the extensive iron and engine works
of M. Borsig, of Berlin, are being remodelled for the adoption of this

system of heating, as have also been those at the imperial factories at

Warsaw.
Another important application of the regenerative gas furnace is

as a steel molting furnace, in which the highest degree of heat known
in the arts is required—presenting, consequently, the greatest margin
for saving of fuel. This application of the regenerative gas furnace is

rapidly extending in Germany, but has not yet practically succeeded
in Sheffield, where it was also tried : it is, however, in course of appli-

cation at the Brades Steel Works, near Birmingham.
Other applications of the regenerative gas furnace are being carried

out at the present time ; among which may be mentioned one to brick

and pottery kilns, for Mr. Humphrey Chamberlain, near Southamp-
ton ; for Messrs. Cliff, of Wortley, near Leeds; and for Mr. Cliff, of

the Imperial Potteries, Lambeth ; also to the heating of gas retorts at

the Paris General Gas Works, and at the Chartered Gas Company's
Works, London. The description already given, however, is sufficient

to show the facility with which this mode of heating may be adapted to

the various circumstances under which furnaces are employed. The
important application of the regenerative system to hot-blast stoves

for blast furnaces, by Mr. E. A. Cowper, has already been communi-
cated to the Institution.

The experience hitherto obtained with the regenerative mode of

heating, shows that it is attended with the greatest proportionate ad-

vantage in localities M'herc good coal is scarce, but where an inferior

fuel abounds. This applies most forcibly to the South Staffordshire

district, where the best coal, in lumps, is worth 12s. 6d. per ton,
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•wliei'eas good slack can be had at 3s. or 4s. per ton. The question

gains, moreover, in importance when it is considered that, according

to the best authorities, the thick coal of the district is coming to an
end, while millions of tons of coal dust have accumulated, of no pre-

sent commercial value, which, on being converted into gas in the man-
ner described, by means of the gas producers, would acquire a heating

value equal, at any rate, to the same weight of the best coal, in the

manner in which it is at present used. Considering also the proximity

of the pits to the ironworks in this district, it may be suggested, whe-

ther the gas producers, being of very simple construction, might not

with advantage be placed near the banks of fuel, above or even under

ground— the gas being conveyed to the works by a culvert, so as to

supersede carting of the fuel. Such an arrangement might notably

contribute to perpetuate the high position which South Staffordshire

has so long maintained as an iron producing district.

Proceediugs lusti, ilecli. Eugineers, June 30, 1SC2.

Rudders for Steering Ships under Steam.

From the Load. Mechanics' Magazine, July, 1S62.

An interesting trial recently took place at Portsmouth of a plan,

patented by Captain Warren, R. N., for steering ships under steam

by a rudder placed in the vessel's bow. The chief merits claimed by
Captain Warren for his patented rudder are, that it is an auxiliary

steering power to the ordinary rudder, assisting the ship to turn quick-

er when necessary, as might be the case under the fire of an enemy's

battery, and also that it should replace the ordinary rudder in the

event of any accident happening to the latter, either from the weather

or the shot of the enemy. The vessel with which the principle was

tested was the Princess Royal^ a small paddle steamer belonging to

the Portsmouth and Isle of Wight Steam Packet Company, and to the

bows of which a rudder had been temporarily fitted. The rudder had,

however, an area of only nine feet, or one-third that of the vessel's

ordinary rudder aft. It was also evidently placed too far forward, and

was not sufficiently immersed, the upper part of the rudder being some
nine inches above the water line. In fitting a bow rudder to a man-of-

war, Captain Warren proposes to have the upper part of the rudder

15 feet below the water line in a vessel drawing, like Her Majesty's

ship Defence^ 26 feet of water, and other ships in proportion. It is

evident, therefore, that the principle, although certain favorable re-

sults were obtained, could not be fairly tested ; that is, that with an

increased area and submersion of the rudder, and an alteration of po-

sition, its power would have been more fully developed. Capt. Broad-

bead, R. N., conducted the trials. Among the gentlemen on board to

witness the trial were Admiral Sir H. D. Chads, Captain Fullerton,

E.. N., Mr. A. Heather, manager of the United Steam Packet Com-
pany; Mr. Reed, manager of Messrs. White's ship-building yard and
slipway, &c.
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The first trial was made by placing the after or ordinary rudder of

the sliip hard over, when the ship made a complete circle in 3 min-

utes 22 seconds, the engines making 27 revolutions. In the second
trial the forward rudder was put hard over ; but the vessel was so

long in making the half-circle that this trial was abandoned. In the

third trial the forward rudder was put hard over, and the after rudder

fixed amidships with chocks, when a circle was completed to port in

6 min. 19 sec, the engines makini? 26^^ revolutions. In the fourth,

the forward rudder was again put hard over, but this time with the

after rudder loose, when the time occupied in completing the circle,

the steamer coming round in this instance also to port, was 8 min. 24
sec, the revolutions of the engines being 26J. In the next trial the

after rudder was put hard over, with the forward rudder loose, and
the ship made the circle to port in 3 minutes, the revolutions of the

engines being 26. Both rudders were next put hard over together,

when a circle was completed to port in 2 min. 47 sec, a gain of 13

sec. on the preceding trial, the engines making 24 revolutions. When
the ship stopped dead, the after rudder was put hard over and forward

rudder fixed, when the engines were turned ahead, the time being

taken from their moving fairly ahead. Circle completed in 3 min. 37

sec. The same experiment was next carried out with the forward rud-

der, when the circle to port was completed in 6 min. 40 sec, the re-

volutions of the engines being 25^-. Forward rudders, like screws, re-

quire lengthened and expensive experiments to develop their powers,

and are almost beyond the means of private individuals. There is,

however, no doubt, considerable merit attached to the plan proposed

by Captain Warren, but the experiments require to be carried out on

a larger and more perfect scale.

Consumption of Soap.

Trom the Lond. Builder, No. 9o6.

In an address delivered by the engineer of the Glasgow Water
Works, that gentleman remarked, that Mr. Porter estimates the an-

nual consumption of soap at 9*2 lbs. per individual. The total popula-

tion of Glasgow may be taken at 460,000 ; deduct for Gorbals, 110,000

;

total on the north of the river, 350,000. Supposing that only b^ lbs.

of soap is allowed for each person, it will give £72,000 as the annual

cost of soap, on the average of the country, consumed by the 350,000
persons, on the north of the Clyde. Since the introduction of Loch
Katrine, owing to its softness, careful returns show that nearly one-

half of the soap formerly used will now suffice. If these calculations

were applied to London, the saving there, allowing for the harder

character of the water, would amount to not less than <£400,000 per

annum, equivalent to the interest of ten millions of money, which it

would be worth the while of the Londoners to pay for water equal in

quality to that of Loch Katrine.
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A Lecture hj Dr. W. Odlixg, F.R. S., on Mr. Graham's Researches in

Dialysis. Delivered at the Roj'al Institution Feb. 14, 1862.

From the Lond. Chemical News, No. 120.

(Continued from p. 187).

"We now come to consider this property of diffasibility, as to whether
or not it bears any definite rehition to the other properties of bodies.

Can we, from knowing the chemical or physical constitution of a body,
predicate its diffusibility ? Is, in fact, its diffusibility associated with
any definite chemical or physical property which it possesses? Well,
it certainly does not seem to be associated with chemical constitution

in any way, as we find, for instance, whether we perform the experi-

ment by means of jar or vial diffusion, that sugar, which is a very
complex organic body, has much the same diffusibility as sulphate of
magnesia, which is a simple mineral salt. It is also found that picric

acid, which is very complex in its constitution, has almost the same
diffusive power as common salt, which belongs to the most simple se-

ries of salts with which chemists are acquainted. We do find, however,
that bodies which are isomorphous in form have much the same diffu-

sibility; but that groups of equi-diffusive substances are much larger

than those of isomorphous compounds. Take the common salt group,

for instance ; chloride of sodium, bromide of sodium, and iodide of so>-

dium, which have a similar chemical composition, and are isomorphous
in form, have a similar diffusibility; but nitrate of soda, which is dis-

similar in composition, and heteromorphous in form, is nevertheless

equi-diffusive with the members of the common salt group.

Going a little further, however, we find that although it is difficult

to predicate of saline substances, which shall be the most diffusive,

yet if we compare highly diffusive substances, such as salt, and sugar,

and sulphate of magnesia, with feebly diffusive substances, such as al-

bumen and gum, and caramel and tannin, one broad distinction be-

comes apparent, which is, that bodies which are readily crystallizable

are also readily diffusible; whereas bodies which ordinarily exist in the

amorphous state, and which, more especially, are characterized by
their property of forming gelatinous hydrates,—such substances, for

instance, as jelly and gum, and caramel,—are feebly diffusive ; and
this has led Mr. Graham to establish a distinction between bodies

which differ thus from one another. They are divided by him into two
classes,—crystalloids, or highly diffusive bodies, on the one hand, and
colloids, or gelatigenous or feebly diffusive bodies, on the other. I
shall have occasion to refer more particularly to the distinctions be-

tween crystalloids and colloids further on.

We have next to consider what is the nature of the diffusive action.

What is the nature of the force which impels the particles of salt, for

instance, to spread themselves out among the particles of liquid ? Of
course, we may attribute the action to a self-repulsion of the particles

of the salt, on the one hand, and of the particles of the water, on the

other ; or, if we please, we may attribute it to a kind of attraction ex-

VoL. XLIV.—TuiRD Series.—No. 4.— Octueeu, 1862. 22
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isting between the particles of the salt and the particles of the water

—

a mutual attraction of the particles of the water for those of the salt,

and of the particles of salt for those of the water ; and, simply for the

sake of explaining and colligating our phenomena, we will assume this

latter hypothesis; for I do not suppose that by attributing the action

either to self-repulsion or mutual attraction, I am really doing any-

thing towards explaining the causation of the phenomena. We will,

then, assume diffusion to be an attraction of the particles of the salt

for the particles of the water. On this understanding, then, we must
say that the particles of a crystalloid have a much greater attraction

for the particles of Avatcr than have the particles of a colloid substance.

Now, if a salt really has this superior attraction for molecules of water,

we can understand how it may be not only able to unite diffusively

"with free Avater, but also with water that is in a- low form of combina-

tion as it exists in a soft solid, for instance, such as jelly. Jelly is a

substance which contains no free water, no liquid water ; the whole of

the Avater existing in it is in a state of combination. The substance is

a soft solid, not necessarily wet, for it does not wet the hand. Now, a

crystalloid body, such as common salt, can not only unite diffusively

with free water, but it can also unite diffusively with water that is al-

ready in a state of loose combination in the form of a soft solid. Here
is an experiment made in a precisely similar manner to our experiment

on jar diffusion, except that the diffusion of chloride of copper in this

instance, instead of being allowed to take place into free water, is al-

lowed to take place into a soft solid. This is a jelly made of Japanese
gelose ; and here, you see, we have a diffusion of the green chloride of

copper taking place into the mass of jelly precisely as it did into the

water. The table shows the diffusion of chloride of sodium into ge-

lose ; here are the results. Without going into all the details there

given, I may say this much, that the diffusion of common salt into this

substance, gelose, is almost as great as into free water. At any rate,

the diffusion of common salt into gelose in eight days is greater than

the diffusion of common salt into Avater in seven days. But although

the introduction of gelose, or a gelatinous substance, does not interfere

in any appreciable Avay Avith the diffusion of a crystalloid body, it ar-

rests almost completely the diffusion of a colloid body. A colloid body
has very little tendency to unite diffusively, even Avith free Avater, and
is quite incapable of uniting diffusively with Avater in any kind of com-
bination, hoAvever feeble.

We have already seen, that by diffusion into water we may effect

the partial separation of a highly diffusive substance, such as common
salt, from a feebly diffusive substance, such as albumen ; but Ave may
effect a much more complete separation if, instead of using water, we
cause the diffusion to take place into or through a soft solid ; for such

a substance, as I have said, scarcely impedes the diffusion of the crys-

talloid, but almost arrests the diffusion of a colloid. For instance, if

Ave have a soft solid, such as a piece of vellum, or a piece of animal

membrane, on a layer of mucus, interposed between a colloid solution

and a quantity of Avater, the colloid, in order to get into the water,
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must pass tliroufrh the membrane,—must unite diffusively Tvith the

combined water of the membrane itself, and that it is incapable of do-

ing. A crystalline body can pass through, and a colloid body cannot.

Now, this constitutes dialysis. Dialysis is the separation of a crystal-

lized body from a colloid body through a membrane which will allow

the crystalloid to pass through, but will not allow the colloid, because

the crystalloid has a strong power of uniting diffusively with water,

whereas the colloid has a very feeble power. The crystalloid can unite

diffusively with the water that is in combination with the soft solid sep-

tum, so as to reach the external water, but the colloid cannot.

We will now refer to the experiment with which we began the lec-

ture. Into this dialyzer we introduced some magenta, which is a crys-

talline body, and you perceive that a diffusion through the membrane
into the external water has taken place to a very considerable extent.

Into this [calling attention to the second jar] we introduced the red

coloring luatter of blood, and here there is not the least evidence what-

ever that any color has passed through. Those who are sitting on my
left hand may perhaps see an apparent coloration, which arises from
the coloring matter contained in these two other jars which are stand-

ino; near beinn; seen through : but not the least shade of coloring mat-

ter has really passed through the membrane in this instance. Now, in

in this case [referring to the third dialyzer Avhich had been charged at

the commencement of the discourse] we took a mixture of the red

crystalline body, magenta, and the brow'n colloid or non-difiusible

body, caramel ; and you will find that whereas there is no browning
whatever of the liquid in the jar, a considerable quantity of the crys-

talline body has already passed through the dialyzer and Avill continue

to pass through. The membrane arrests the caramel and allows the

magenta to pass.

I want to impress upon you that this process of dialysis is altoge-

ther different from filtration. Filtration refers to the passage of masses

through appreciable pores. Here there are no pores. The phenomena
of dialysis are not molar, but molecular. I may be able to show you
that, by a very simple contrivance which we have here. Two small

gas jars have been fitted up, one as a dialyzer, with an impervious

septum,—impervious to the passage of liquid mechanically ; the other

•with a septum of filtering paper. In this last case only, "we shall get

filtration. We will first pour a little liquid into this colloid septum,

and on passing the hand beneath it we find it perfectly dry; there is

no water passing through. The membrane, as a mere membrane, is

impervious to the passage of liquid. It will allow chemical action to

take place, or that low form of chemical action which we have spoken,

of as diffusion, but it will not allow of filtration. Now, this one [the

other small jar] is covered with thick filtering paper, and we Avill

pour the water into ic in a similar manner, and you see in this case

ysQ have filtration, or a mechanical passage of masses of water through

the pores of the paper ; whereas in this case [referring to the former]

there is no passage whatever.

I would here direct your attention for a few moments to some of
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the results of dialysis. This [pointing to the table given below] re-

presents the dialysis through parchment-paper for twenty-four hours,

of 10 per cent, solutions of the different substances shown in the first

column ;

—

Grammes tliffused.

Gum arable, . . • 0029
Starch sugar, . • 2 000

Cane su£;ar, . . • 1-607

Milk sugar, *. . 1-387

Mannite, . • • 2-621

Glycerine, , . 3 330

Alcohoi, . . . 3 570

Starch sugar Csecond experiment), . 2-130

Chloride of sodium, . • 7-5U0

These experiments were made in the order shown, with one and the

same dialyzer, which was constructed in this manner [referring to a

gas-jar dialyzer on the lecture table]. After each experiment the dia-

lyzer was put into water for some time, and the septum thoroughly

washed. You see from the table that gum arabic scarcely diffused at

all—at any rate, it yielded less than yf,(jths of a gramme of diffusate,

while under precisely the same conditions, the starch sugar yielded

exactly two gi*ammes of diffusate. The quantity of cane sugar that

passed through was rather less than that of the starch sugar ; of the

milk sugar, rather less than of the cane sugar ; of the mannite again,

rather more, and of the glycerine and alcohol still more. And now
the experiment was repeated with starch sugar, in order to see whether

any alteration had taken place in the septum of parchment-paper

through which all these dialyses had taken place, and you perceive

that practically there was no alteration in the result. Then, chloride

of sodium was employed, from the ten per cent, solution of which 7|
grammes of salt diffused, showing how much more readily that body
passed through than did the gum arabic and the substances previously

experimented upon. Other dialytic septa than parchment-paper may
be employed, a layer of mucus spread between two fohls of calico for

instance, w4th scarcely any difference in the relative diffusibilities be-

ing manifested.

We will now turn our attention to some of the various colloid bodies

which Mr. Graham has succeeded in preparing by dialysis, and some

of his results are really most extraordinary—most wonderful. Here
is a substance existing obviously in the crystalline form, viz : quartz

or silica. But this body, in common with very many others, is capable

of existing in the colloid as well as in the crystalloid form, as we shall

presently see. Now, chemists by means of strong alkalies and acids

are capable of getting this quartz into solution, and have been for

many years past ; but Mr. Groham has shown us how to obtain a so-

lution which contains nothing but quartz and water. He took silicate

of soda, a soluble crystalline salt, made by fusing quartz with car-

bonate of soda at a red heat, which, in common with other crj^stal-

loids, diffuses very readily. He acidified the aqueous solution of this

salt with hydrochloric acid, whereby the state of the constituent silica
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was changed from the crystalloid into the colloidal. The acidified so-

lution was then placed on a dialyzer, which was floated on a basin of

water, and, after 24 hours, 3G per cent, of the hydrochloric acid had

passed through, while, after four days, not a trace of either hydro-

chloric acid or chloride of sodium was left. Nothing but silica and

water remained on the dialyzer—nothing but an aqueous solution of

this hard substance, quartz. Here is some of the liquid so obtained,

the solution of sand in water. The colloidal silica procured in this

way, or co-silicic acid as it has been termed by Mr. Graham, affords a

very good illustration of the properties of colloidal bodies in general,

of their non-crystalline habit, of their low diffusibility, of their chemi-

cal inertness and high atomicity, and above all, of their mutability.

The 5 per cent, solution of silica obtained at once by dialysis, is quite

transparent and mobile. It may be boiled in a flask and considerably

concentrated without undergoing any obvious change ; and even a 14

per cent, solution is perfectly limpid. But aqueous co-silicic acid, in

common with all colloidal solutions, after a longer or shorter time,

according to its purity and dilution, undergoes a spontaneous change.

It becomes at first opalescent and viscous, and eventually sets into a

firm, insoluble jelly. Hence, Mr. Graham speaks of two colloidal

states, the peptous, or dissolved, and the pectous, or gelatinized. The

jelly of silica gradually shrinks and exudes pure water. When dried

in vacuo over oil of vitriol at ordinary temperatures, it forms a lus-

trous, transparent, glassy mass, which, however, is not anhj'drous.

The residue left by its ignition has a specific gravity of 2*2, that of

crystalline silicic acid being 2-6. It seems probable that the colloid

may become gradually changed into the crystalloid form of silica.

The pectization of a solution of co-silicic acid may be produced at

will. When the liquid is boiled, for instance, in an open vessel, a ring

of insoluble silica forms round the margin of the liquid and causes the

whole to gelatinize. Again, pectization is efiected in a very short time

by the addition of a solution containing even one-ten thousandth of

any alkaline or earthy carbonate. I have here a solution of colloid sili-

cic acid, that is, a solution of metamorphosed sand in water. I now
add to it a little carbonate of potash solution, and in performing the

experiment here, upon a large scale, I will add an excess of the car-

bonate in order to accelerate the action. The liquid is at present ge-

latinizing perceptibly. We will leave it quiet for a few moments, and

you will then see what an alteration has taken place in its character.

Now, our jelly is formed. If I were to give it a little more time it

would set more firmly, but as it is, I shall be able to show you, by in-

verting the flask, that the contents are no longer liquid, but gelatinous.

[The flask containing the gelatinized silica was here inverted without

any spilling of its contents.]

In its chemical relations the solution of co-silicic acid, in common
with other colloid liquids, is characterized by its inertness. It does

not manifest any decided chemical properties, and its re-actions, such

as they are, take place very slowly. It enters into its combinations,

moreover, with a very high atomic weight, so as to form a very high
22*
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per centage of the compounds which it forms. Thus, its solution when
tested with delicate litmus paper sliows but a very feeble acidity, not

greater than that of carbonic acid water. When placed in the mouth
it is at first quite tasteless, and we can readily understand why this

should be—for the substance being colloidal, cannot dialyze through

the colloid membrane of the tongue so as to affect the gustatory

nerves. But although quite tasteless at first, it produces, after some
time, a sort of acrid feeling in the mouth, owing, doubtless, to some
alteration in the state of the silica. The acid re-action of 100 parts of

dissolved co-silicic acid is neutralized by 1*8 parts of anhydrous pot-

ash, and by corresponding quantities of soda and ammonia. When
added to an excess of lime water, co-silicic acid produced a gelatinous

precipitate containing 6 per cent, of the base. These co-silicates are,

however, very variable in their composition and very unstable. Co-

silicic acid, moreover, gives precipitates with several colloid solutions,

those of alumina, peroxide of iron, gelatine, and albumen, for instance.

Its action on gelatine closely resembles that of tannin, which is a simi-

lar colloid acid. Tbus, a piece of skin immersed in a weak solution of

co-silicic acid becomes after a time thoroughly tanned or converted

into leather; and the process of tanning with co-silicic acid further

resembles that of common tanning in the very gradual manner in

which the combination takes place, and in the indefinite character of

the compound produced. But my time is getting on so rapidly that I

must not devote any more of it to silica. Here, however, is another

of these colloid solutions to which I should like to direct your atten-

tion for a few moments, because it is the newest of them all. In Mr.
Graham's paper in the Philosophical Trcmsactions, he observes, that

though he was able to obtain stannic acid, the analogue of silicic acid,

in the colloidal state, he could only get it in the pectous, not in the

soluble, form of the colloidal state. Precipitated peroxide of tin or

stannic acid, though insoluble in water, is readily soluble in a solution

of bi-chloride of tin ; when the liquid so produced is submitted to dia-

lysis the W'hole of the chlorine passes away, but a jelly instead of a

solution of stannic acid is left on the dialyzer. But Mr. Graham has

since found that by acting upon this jelly with a dilute alkali, and then

submitting it to a further dialysis, it gradually becomes liquid. This

last process he terms peptizing, or digesting. Here then we have a

solution of co-stannic acid, which has been obtained by peptization,

and which we can now very readily pectize by adding a minute quanti-

ty of hydrochloric acid. Here you see Ave get the pectization. The whole

liquid is becoming perfectly gelatinous, and this soft amorphous form

of stannic acid contrasts remarkably with the hard crystalline native

tin-stone which I hold in my hand.

I will next bring under your notice the aqueous solution of colloidal

peroxide of iron. This oxide, in the native form, is known as haema-

tite, a specimen of which I have here before you. Now, this oxide,

under ordinary circumstances, is quite insoluble in water, though

readily soluble in acids. On dissolving it in hydrochloric acid, for in-

stance, we obtain a solution of perchloride of iron, a crystalline body
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whicli diffuses vrith the greatest facility. But when hydratecl peroxide

of iron is digested in this solution, it becomes gradually dissolved, and

we have formed a basic colloidal chloride, its basicity being probably

dependent on its colloidal nature, which we know produces a high

atomicity. Now, wdien this liquid is dialyzed, the hydrochloric acid

passes away, and a pure aqueous solution of peroxide of iron is left on

the dialyzer. And mark this curious action. When we have the oxide

of iron dissolved in an equivalent quantity of hydrochloric acid, the

crystalloid chloride of iron is formed, wdiich dialyzes without decompo-

sition, the oxide not separating from the acid. I3ut when we introduce

a larger quantity of oxide of iron, we form a colloid compound, and

the hydrochloric acid can then dialyze completely aw^ay from the oxide,

which will remain in aqueous solution. With a small quantity of oxide,

the acid and base go through together ; with a larger quantity of oxide,

the acid passes away, and the colloid base is left behind. Here I have

a colloidal solution of peroxide of iron, which was prepared in the

manner I have just described to you, and which I will now proceed to

pectize by the addition of a little common salt. If I were simply to

pour some of this colloidal liquid into a glass, and then add the re-

agent to it, there would be no effect recognizable at a distance ; but I

shall, I hope, be able to render the result visible to all of you by means

of the electric lamp which Dr. Tyndall has kindly arranged for me.

We have the solution of colloidal oxide of iron in this glass tray; and

I wish first to show you its color and transparency. [A beam of light

was thrown through the solution on to a screen.] You see that the

liquid has an orange-brown color, and is perfectly transparent, i will

now add a little common salt, and you perceive that it instantly pro-

duces a perfect pectizing or gelatinizing of the mass.

While we have the electric lamp in order, I will direct your atten-

tion to another colloidal substance. I have here some Prussian blue, a

compound that is usually quite insoluble in water. It is, however,

capable of being dissolved very readily in oxalic acid, and when the oxa-

lic acid solution is allowed to dialyze, the oxalic acid passes through,

and the Prussian blue is left in the form of an aqueous colloidal solu-

tion, capable of being gelatinized like the silica and oxide of iron so-

lutions. In this tray we have our solution of colloidal Prussian blue.

[A beam of light was then thrown thi'ough it on a screen.] You per-

ceive it is of a blue color and perfectly transparent, ready, hoAvever,

to pectize on the addition of a small quantity of some foreign sub-

stance. We will take, in this instance, a drop of dilute sulphuric acid.

We are operating with a somewhat weak solution, in order to allow

the light to pass through, and the pectization of a weak solution is not

instantaneous. But in the course of a minute or so it will, I have no

doubt, be visible. Even now it is beginning. The pectization is gra-

dually taking place, and you can now see clearly that the liquid is no

longer homogeneous, but that the precipitated colloid or gelatinous

prussiate of iron exists in suspension throughout. The appearance will

become more characteristic in a moment or two. [Here the changes

became clearly perceptible to the audience.]
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In the one moment that remains to me I will show you another ex-

periment of a similar description, made with a very beautiful substance,

not the blue prussiate of iron, but the red prussiate of copper, which
is, under ordinary circumstances, an insoluble compound. It is readily-

thrown down by adding a little prussiate of potash to a salt of cop-

per, as you perceive. On dilution, the color and character of the pre-

cipitate are rendered very apparent. Here we have the prussiate of

copper thrown down of a chocolate red color. If we pour the whole
on to a filter, a colorless liquid passes through, as you see, while the

chocolate body being insoluble remains on the filter. But this body,
though ordinarily insoluble in pure water, is soluble in a solution of

oxalate of ammonia, and when this mixed liquid is submitted to dialy-

sis, the oxalate of ammonia passes through the membrane, while this

curious liquid, an aqueous solution of red prussiate of copper, remains
on the dialyzer. This solution has some of the characters of Mr. Fa-
raday's gold liquids : although the great mass of the prussiate is in a

state of real solution, a minute portion seems to be only in the state

of suspension, and hence a curious red opacity is manifested when the

liquid is examined by reflected light, I shall be able to show you the

color and transparency of the solution by means of the electric lamp.
[A beam of light was here thrown through the liquid.] At present

you perceive the solution is perfectly transparent, homogeneous, and
of a splendid red color. But this body is pectized with very great ease,

and on adding a drop of dilute sulphuric acid, you see an immediate
formation of large flocks of gelatinous substance, which now completely
obstruct the passage of light ; whereas the clear solution, as you saw,
allowed light to pass through it with the greatest readiness.

Now, this discovery by Mr. Graham of dialysis, of the capability

which some bodies have, and others have not, to pass through mem-
branes, and of the broad distinctions between the two classes of bodies,

bids fair to open out an entirely new field of inquiry. The constant

intervention of colloid septa in so many of the phenomena of animal
and vegetable life, gives to the subject of dialysis a high physiological

interest, and it will, doubtless, exercise an important influence in the
progress of physiological research. It will also serve to explain many
of the phenomena of inorganic Nature, more especially in relation to

bodies which are now crystalline, but were once colloidal. It will also

be of the greatest service in its applications to toxicology, pharmacy,
and practical chemistry, by enabling us to eflfect a most perfect sepa-

ration of different substances which could not be separated by any
other means. It is not for me to express the obligation which science

is under to Mr. Graham for investigating this important subject so

laboriously and successfully; but I cannot conclude without express-

ing publicly my personal thanks to him for the opportunity he has
given me, and the pleasure he has afforded me, of bringing this subject

under your notice, and for his kindness in providing me with these very
beautiful illustrations of dialytic phenomena.
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The Properties of Iron ^ andifs Resistance fo Projectiles at High Velo'

cities. l]j Wm. Fairbairn, F.R.S. Read before the Royal Institute.

From the Lund. Civ. Eng. and Arch. Journal, Aug:ust, 1862.

We have no correct record as to the exact time when wrought iron

plates were first employed for the purpose of building vessels. It is,

however, certain that iron barges were in u.se on canals at the close

of the last century. In 1824, Mr. Manley, of Staffordshire, built an

iron steamboat for the navigation of the river Seine, and this was the

first iron vessel that attempted a sea voyage. She was navigated from

this country to Havre, by the late Admiral Sir Charles Kapier, and
although constructed for shallow rivers, she nevertheless crossed the

channel in perfect safety. From that time to 1830, no attempt was

made to build iron vessels, and nothing was done towards ascertain-

ing the properties of iron as a material for ship-building.

A series of experiments, instituted by the Forth and Clyde Canal

Company in 1829-30, to ascertain the law of traction of light boats

at high velocities on canals, led to the application of iron for the con-

struction of vessels ; and the lightness of these new vessels, combined

with their increased strength, suggested the extended application of

the material in the construction of vessels of much larger dimensions,

and ultimately to those of the larger class, hoth in the war and mer-

cantile navy. Considerable difficulty, however, existed with regard to

the navy ; and although the principle of iron construction as applied

to merchant vessels and packets was fully established, it was never-

theless considered inapplicable, until of late years, for ships of war.

It is true, that until the new system of casing the sides of vessels first

introduced by the Emperor of the French, in 1854, was established,

the iron ship was even more dangerous under fire than one built en-

tirely of wood. Now, however, that thick iron plates are found suffi-

ciently strong, under ordinary circumstances, to resist the action of

guns not exceeding 120-pounders, for a considerable length of time,

the state of the navy and the minds of our naval officers have entirely

changed. We must, therefore, now look to new conditions, new mate-

rials, and an entirely new construction, if we are to retain our supe-

riority as mistress of the seas. There yet remain amongst us those

who contend for the wooden walls, but they ar& no longer applicable

to the wants of the state ; and I am clearly of opinion that we cannot

afford to trifle with so important a branch of the public service as to

fall behind any nation, however powerful and efficient they may be in

naval construction. Having satisfied ourselves that this desideratum

must be attained, at whatever cost, I shall now endeavor to point out

such facts as in my opinion relate to the changes that are now before

us, and simply endeavor to show

—

1st. The description of iron best calculated to secure strength and
durability in the construction of ships of war.

2d. The distribution and best forms of construction to attain this

object ; and,

Lastly. The properties of iron best calculated to resist the penetra-

tion of shot at his;li velocities.
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JProperties of Iron.—If we are desirous to attain perfection in me-
clianical, architectural, or ship-building construction, it is essential

that the engineer or architect should make himself thoroughly ac-

quainted with the properties of the materials which he employs. It is

unimportant whether the construction be a house, a ship, or a bridge.

We must possess correct ideas of the strength, proportion, and combi-

nation of the parts, before we can arrive at satisfactory results ; and
to effect these objects the naval architect should be conversant with

the folloAving facts relating to the resisting powers of malleable and
rolled iron to a tensile strain. The resistance in tons per square inch

of—
Yorkshire iron is . i • 24-50 tons.

Derbyshire " •
. . 2025 "

Sliropshire "... 22-50 «

Staflbrdshire

"

. . . 20-00 «

Strength of Riveted Joints.—The architect having fortified himself

with the above facts, will be better able to carry out a judicious dis-

tribution of the frames, ribs, and plates of an iron ship, so as to meet
the various strains to which it may be subjected, and ultimately to

arrive at a distribution where the whole in combination presents uni-

formity of resistance to repeated strains, and the various changes it

has to encounter in actual service.

There is, however, another circumstance, of deep importance to the

naval architect, which should on no account be lost sight of, and that

is, the comparative values of the riveted joints of plates to the plates

themselves. These, according to experiments, give the following re-

sults :

—

Taking the cohesive strength of the plate at . . 100

The strength of the double-riveted joint was found to be • . 70
And the single-rivited joint . . .56

These proportions apply with great force to vessels requiring close

riveting, such as ships and boilers that must be Avater-tight, and in

calculation it is necessary to make allowances in that ratio.

Strength of Ships.—Of late years it has been found convenient to

increase the length of steamers and sailing vessels to as much as eight

or nine times their breadth of beam, and this for two reasons ; first,

to obtain an increase of speed by giving fine sharp lines to the bow
and stern ; and second, to secure an increase of capacity for the same
midship section, by which the carrying powers of the ship are greatly

augmented. Now, there is no serious objection to this increase of

length, which may or may not have reached the maximum. But, un-

fortunately, it has hitherto been accomplished at a great sacrifice to

the strength of the ship. Vessels floating on water and subjected to

the swell of a rolling sea—to say nothing of their being stranded or

beaten upon the rocks or sand banks of a lee shore—are governed by
the same laws of transverse strain as simple hollow beams, like the

tubes of the Co"nway and Britannia tubular bridges. Assuming this to

be true—and indeed it scarcely requires demonstration—it follows

that vfe cannot lengthen a ship with impunity without adding to her
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depth, or to the sectional area of the plates in the middle along the

line of the upper deck.

If we take a vessel of the ordinary construction, or what some years

ago Avas considered the best—300 feet long, 41 feet 6 inches beam,
and 20 feet 6 inches deep—we sliall be able to show how inadequately

she is designed to resist the strains to which she would be subjected.

To arrive at these facts we shall approximate nearly to the truth by
treating it as a simple beam ; and this is actually the case, to some
extent, when a vessel is supported at each end by two waves, or when
rising on the crest of another, supported at the centre with a stem and
stern partially suspended. Now in these positions the ship undergoes,

alternately, a strain of compression and of tension along the whole

section of the deck, corresponding with equal strains of tension and
compression along the section of the keel, the strains being reversed

according as the vessel is supported at the ends or the centre. These
are, in fact, the alternate strains to which every long vessel is ex-

posed, particularly in seas where the distance between the crests of

the waves does not exceed the length of the ship.

It is true that a vessel may continue for a number of voyages to

resist the continuous strains to which she is subjected whilst resting

on the water ; but supposing in stress of weather, or from some other

cause, she is driven on rocks, with her bow and stern suspended, the

probability is that she would break in two, separating from the insuf-

ficiency of the deck on the one hand, and the weakness of the hull on
the other. This is the great source of weakness in wrought iron ves-

sels of this construction, as well as of wooden ones, when placed iu

similar trying circumstances.*

Changes in Progress.—Having directed attention to the strength of

ships, and the necessity for their improved construction, we may now
advert to the changes by which we are surrounded, and to the revolu-

tion now pending over the destinies of the navy, and the deadly wea-
pons now forging for its destruction. It is not for us alone, but for

all other maritime nations, that these Cyclopean monsters are now
issuing from the furnaces of Yulcan ; and it behooves all those ex-

posed to such merciless enemies to be upon their guard, and to have
their Warriors, Merrimacs, and Monitors ever ready, clothed in mail

from stem to stern, to encounter such formidable foes. It has been
seen, and every experiment exemplifies the same fact, that the iron

ship with its coat of armor is a totally diff'erent construction to that of

the wooden walls which for centuries have been the pride and glory of

the country. Three-deckers, like the Victor// and the Ville de Paris
of the last century, would not exist an hour against the sea-monsters
now coming into use.

The days of our wooden walls are therefore gone ; and instead of

the gallant bearing of a 100-gun ship, with every inch of canvas set,

dashing the spray from her bows, and careering merrily over the ocean,

we shall find in its place a black demon, some five or six hundred feet

long, stealing along, Avith a black funnel and flag-stafi", on her mission

* See Vol. I. of the Transactions of the Institution of Naval Architects, on the Strepgth of Iron Ships.
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of destruction, and scarcely seen above water excepting to sliow a row
of teeth on each side as formidable as the iron carcass that is floating

below. This may, with our present impressions, be considered a per-

spective of the future navy of England—probably not encouraging

—

but one on which the security of the country may ultimately have to

depend, and to the construction of which the whole power and skill of

the nation should be directed. I have noticed these changes, which

are fast approaching, from the conviction that the progress of the ap-

plied sciences is not only revolutionizing our habits in the development

of naval construction, as in every other branch of industry, but the

art of war is undergoing the same changes as those which have done

so much for the industrial resources of the country in times of peace.

It is therefore necessary to prepare for the changes now in progress,

and endeavor to effect them on principles calculated not only to insure

security, but to place this country at the head of constructive art. It

is to attain these objects that a long and laborious class of experiments

have been undertaken by the Government, to determine how the future

navy of England shall be built, how it should be armed, and under

what conditions it can best maintain the supremacy of the seas. This

question does not exclusively confine itself to armor-plated vessels, but

also to the construction of ships, which in every case should be strong

and powerful enough to contend against either winds or waves, or to

battle with the enemy. It is for these reasons that I have ventured to

direct attention to the strength of vessels, and to show that some of our

mercantile ships are exceedingly weak, arising probably from causes

of a mistaken economy on the one hand, or a deficiency of knowledge

or neglect of first principles on the other.

Now, it is evident that our future ships of war of the first class must

be long and shallow; moreover, they must contain elements of strength

and powers of resistance that do not enter into the construction of ves-

sels that are shorter and nearly double the depth. If we take a first-

rate ship of the present construction, such as the Duke of Wellington^

and compare it with one of the new or forthcoming construction, car-

rying the same weight of ordnance, we should require a vessel nearly

twice the length and little more than half her depth. Let us for ex-

ample suppose the Duke of Wellington to be 360 feet long and 60 feet

deep, and the new construction 500 ft. long and 46 ft. deep ; we should

then have for the resistance of the Duke of Wellington to a transverse

strain tending to break her back, w= —-—. Taking 60 as the con-

stant, and the area of the bottom and upper deck as 1060 sq. inches,

, 1060X60 + 60 T^ooQ, ,T, • uwv, f ^Awe have w= ota =VZ,ZZ6 tons as the weight that would

break her in the middle. Let us now take the new ship, and give her

the same area top and bottom, and again we have

1060 + 46X60 ,^,. ^w= pnn = 5h51 tons,
SOU

"which is less than half the strength. From this it is obvious—if we
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are correct in our calculations—that the utmost care and attention are

requisite in design and construction to insure stability and perfect se-

curity in the build of ships.

Mechanical Properties of Iron.—It is unnecessary to give more
examples in regard to strength, and the proportions that should be

observed in the construction of our future navy. I have simply direct-

ed attention to it as a subject of great importance, and one that I am
satisfied will receive careful consideration on the part of the Admi-
ralty and the Comptroller of the Navy.

The next question for consideration is the properties of iron best

calculated to resist the penetration of shot at high velocities, and in

this I am fortunate in having before me the experiments of the Com-
mittee on Iron Plates, which may be enumerated as under ;

—

Specific gravity, .... 7 7621

Tensile strength in ton? per square inch, . . 24 802

Compression per unit of length in tons, . . 14-203

Statical resistance to punching in tons, 1-inch plate, . 40-1804

Remarks.—The specimens subjected to compression were gradually

squeezed down to one-half their original height, increasing at the same
time in diameter till they attained 90 tons on the square inch.

In these experiments, four descriptions of iron were selected, mark-

ed A, B, C, D ; the two first and last were taken from rolled and ham-
mered iron plates, excepting C, which was homogeneous, and gave high-

er results to tension and dead pressure than the others. In density

and tenacity they stood as follows :

—

Mark on Plates.

1

Density. Tenacity in Tons.

A Plates,

B Plates,

C Plates, homogeneous, .

D Plates,

78083
7-7035

7-9042

7-6322

24-644

23 354
27-032

24-171

Here it will be observed, that the strengths are in the ratio of the

densities, excepting only the B plates, which deviate from that law.

On the resistance to compression, it will be seen that in none of the

experiments was the specimen actually crushed ; but they evidently

gave way at a pressure of 13 tons per square inch, and were consider-

ably cracked and reduced in height by increased pressure.

From the experiments on punching, we derive the resistance of B,

C, D plates to a flat-ended instrument forced through the plate by
dead pressure as follows :

—

Mark on Plates.
Shearing Strain in i

Ratio,

Tons persq-jare inch. taking A as unity.

A Plates,

B Plates,

C Plates,

D Plates,

19511
17-719

27-704

17-035

1-000

0-907

1-168

0-873

Vol. XLIV.—Third Series.—No. 4.—October, 1862. 23
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Here it may be noticed that the difference between the steel plates of

series C, and the iron plates of series A, is not considerable, though in

all others the steel plates exhibit a superiority in statical resistance.

(To be Continued.)

Hardening Iron and Steel.

From the London Euilder, No. 1015.

Mr. E. Partridge, of the Patent Axle Works, Smethwiclc, has pro-

visionally specified an invention which consists in first heating the ar-

ticle to be hardened in a bath of lead or other suitable raolten metals,

or in a retort, so as to be protected from the direct action of fire. In

applying to it, either in the bath or retort, or immediately on its with-

drawal therefrom, a composition presently to be described, either in

powder or liquid, in some cases the article is returned to the bath or

retort after such application. In preparing the composition, he takes

prussiate of potash or other substance containing cyanogen, or pos-

sessing like chemical properties, and reduces it to powder. He mixes

with it powdered nitre and common salt, and sets fire to the composition.

He takes the resulting ashes or substance remaining after the firing,

and powders it. The powder liquefies under heat, and he uses it alone

or mixed with charcoal (animal or vegetable), or other suitable form of

carbon ; or he liquefies the powder by dissolving it in liquid ammonia
or other suitable solvent, and applies it to the articles to be hardened

in a liquid state.

Lecture on Force. By Prof. Tyndall, at the Royal Institution.

From the London Mechanics' Magazine, July, 1802.

The existence of the International Exhibition suggested to our hon-

orary Secretary the idea of devoting the Friday evenings after Easter

of the present year to discourses on the various agencies on which the

material strength of England is based. He wished to make iron, coal,

cotton, and kindred matters, the subject of these discourses ; opening

the series by a discourse on the Great Exhibition itself; and he wish-

ed me to finish the series by a discourse on "Force " in general. For
some months I thought over the s-ubject at intervals, and had devised

a plan of dealing with it ; but three weeks ago I was induced to swerve

from this plan, for reasons Avhich shall be made known towards the

conclusion of the discourse.

We all have ideas more or less distinct regarding force : we know in

a general way what muscular force means, and each of us would less

willingly accept a blow from a pugilist than have his ears boxed by a

lady. But these general ideas are not now sufficient for us ; we must

learn how to express numerically the exact mechanical value of the

two blows ; this is the first point to be cleared up.

A sphere of lead weighing 1 lb. was suspended at a height of 16 ft.

above the theatre floor. It was liberated, and fell by gravity. That
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weight required exactly a second to fall to tlie earth from that eleva-

tion ; and the instant before it touched the earth, it had a velocity of

32 feet a second. That is to say, if at that instant the earth were an-

nihilated, and its attraction annulled, the weight would proceed through

space at the uniform velocity of 32 feet a second.

Suppose that instead of being pulled downward by gravity, the

weight is cast upward in opposition to the force of gravity, with what

velocity must it start from the earth's surface in order to reach a

height of 16 feet ? With a velocity of 32 feet a second. This velocity

imparted to the weight by the human arm, or by any other mechani-

cal means, would- carry the weight up to the precise height from which

it had fallen.

Now the lifting of the w^eight may be regarded as so much mecha-

nical work. I might place a ladder against a wall, and carry the

weight up a height of 16 feet ; or I might draw it up to this height by
means of a string and pulley, or I might suddenly jerk it up to a

height of 16 feet. The amount of work done in all these cases, as far

as the raising of the weight is concerned, would be absolutely the

same. The absolute amount of w^ork done depends solely upon two

things: first of all, on the quantity of matter that is lifted; and se-

condly, on the height to which it is lifted. If you call the quantity or

mass of matter m, and the height through which it is lifted A, then

the product of m into h or mil, expresses the amount of work done.

Supposing, now, that instead of imparting a velocity of 32 feet a

second to the weight, we impart twice this speed, or 64 feet a second.

To what height will the weight rise ? You might be disposed to an-

swer, "To twice the height:" but this wovild be quite incorrect. Both

theory and experiment inform us that the weight would rise to four

times the height: instead of twice 16, or 32 feet, it would reach four

times 16, or 6-1 feet. So also, if we treble the starting velocity, the

weight would reach nine times the height ; if we quadruple the speed

at starting, we attain sixteen times the height. Thus, with a velocity

of 128 feet a second at starting, the weight would attain an elevation

of 256 feet. Supposing we augment the velocity of starting seven times,

we should raise the weight to 49 times the height, or to an elevation

of 784 feet.

Now the work done—or, as it is sometimes called, the mechanical

effect—as before explained, is proportional to the height, and as a

double velocity gives four times the height, a treble velocity nine

times the height, and so on, it is perfectly plain that the mechanical

effect increases as the square of the velocity. If the mass of the body

be represented by the letter ««, and its velocity by v, then the mecha-

nical effect would be represented by m v'^. In the case considered, I

liave supposed the weight to be cast upward, being opposed in its up-

ward flight by the resistance of gravity; but the same holds true if I

send the projectile into water, mud, earth, timber, or other resisting

material. If, for example, you double the velocity of a cannon-ball,

you quadruple its mechanical effect. Hence the importance of aug-

menting the velocity of a projectile, and hence the philosophy of Sir
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William Armstrong in using a 50 lb. charge of powder in his recent

striking experiments.

The measure then of mechanical effect is the mass of the body mul-

tiplied by the square of its velocity.

Now in firing a ball against a target, the projectile, after collision,

is often found hissing hot. Mr. Fairbairn informs me tiiat in the ex-

periments at Shoeburyness it is a common thing to see a flash of light,

even in broad day, when the ball strikes the target. And if I examine

my lead weight after it has fallen from a height, I also find it heated.

Now here experiment and reasoning lead us to the remarkable law

that the amount of heat generated, like the mechanical effect, is pro-

portional to the product of the mass into the square of the velocity^

Double your mass, other things being equal, and you double your

amount of heat ; double your velocity, other things remaining equal,

and you quadruple your amount of heat. Here then we have common
mechanical motion destroyed and heat produced. I take this violin

bow and draw it across this string. You hear the sound. That sound

is due to motion imparted to the air, and to produce that motion a cer-

tain portion of the muscular force of my arm must be expended. We
may here correctly say, that the mechanical force of my arm is con-

verted into music. And in a similar way we say that the impeded mo-
tion of our descending weight, or the arrested cannon-ball, is converted

into heat. The mode of motion changes, but it still continues motion

;

the motion of the mass is converted into a motion of the atoms of the

mass ; and these small motions communicated to the nerves, produce

the sensation which we call heat. We, moreover, know the amount of

heat which a given amount of mechanical force can develop. Our lead

ball, for example, in falling to the earth generated a quantity of heat

sufficient to raise the temperature of its own mass three-fifths of a

Fahrenheit degree. It reached the earth with a velocity of 32 feet a

second, and 40 times this velocity would be a small one for a rifle bul-

let ; multiplying three-fifths by the square of 40, we find that the

amount of heat developed by collision with the target would, if wholly

concentrated in the lead, raise its temperature 960°. This would be

more than sufficient to fuse the lead. In reality, however, the heat

developed is divided between the lead and the body against which it

strikes : nevertheless, it would be worth while to pay attention to this

point, and to ascertain whether rifle bullets do not, under some cir-

cumstances, show signs of fusion.

From the motion of sensible masses, by gravity and other means,

the speaker passed to the motion of atoms towards each other by che-

mical affinity. A collodion balloon filled with a mixture of chlorine

and hydrogen was hung in the focus of a parabolic mirror, and in the

focus of a second mirror, 20 feet distant, a strong electric light was
suddenly generated; the instant the light fell upon the balloon, the

atoms within it fell together with explosion, and hj'drochloric acid was

the result. The burning of charcoal in oxygen was an old experiment,

but it had now a significance beyond what it used to have ; we now re-

gard the act of combination on the part of the atoms of oxygen and
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coal exactly as wc rcp:ar(l the clasliinf^ of a fallino; weight against the

earth. And the licat produced in both cases is referable to a common
cause. This glowing diamond, which burns in oxygen as a star of

white light, glows and burns in consequence of tlie falling of the

atoms of oxygen against it. And could we measure the velocity of the

atoms when they clash, and could we find their number and weight,

multiplying the mass of each atom by the square of its velocity, and,

adding all together, we should get a number representing the exact

amount of heat developed by the union of the oxygen and carbon.

Thus far we have regarded the heat developed by the clashing of

sensible masses and of atoms. Work is expended in giving motion to

these atoms or masses, and heat is developed. But we reverse this

process daily, and by the expenditure of heat execute work. ^Ve can

raise a weight by heat ; and in this agent we possess an enormous

store of mechanical power. This pound of coal Avhich I hold in my
hand, produces by its combination with oxygen an amount of heat

which, if mechanically applied, would suffice to raise a weight of 100

lbs. to a height of 20 miles above the earth's surface. Conversely, 100

lbs. falling from a height of 20 miles, and striking against the earth,

would generate an amount of heat equal to that developed by the com-

bustion of a pound of coal. Wherever work is done by heat, heat dis-

appears, A gun which fires a ball is less heated than one which fires

blank cartridge. The quantity of heat communicated to the boiler of

a working steam engine is greater than that which could be obtained

from the re-condensation of the steam after it had done its work ; and

the amount of work performed is the exact equivalent of the amount
of heat lost. Mr. Smyth informed us in his interesting discourse that

•we dig annually 84,000,000 of tons of coal from our pits. The amount
of mechanical force represented by this quantity of coal seems per-

fectly fabulous. The combustion of a single pound of coal, supposing

it to take place in a minute, would be equivalent to the work of 300

horses; and if we suppose 108,000,000 of horses working day and
night with unimpaired strength, for a year, their united energies

would enable them to perform an amount of work just equivalent to

that which the annual produce of our coal-fields would be able to ac-

complish.

Comparing the energy of the force with which oxygen and carbon

unite together, with ordinary gravity, the chemical affinity seems al-

most infinite. But let us give gravity fair play; let us permit it to act

throughout its entire range. Place a body at such a distance from the

earth that the attraction of the earth is barely sensible, and let it fall

to the earth from this distance. It would reach the earth with a final

velocity of 36,747 feet in a second; and on collision with the earth, the

body would generate about twice the amount of heat generated by the

combustion of an equal weight of coal. We have stated that by falling

through a space of 16 feet our lead bullet would be heated three-fifths

of a degree ; but a body falling from an infinite distance has already

used up 1,299,999 parts out of 1,300,000 of the earth's pulling power,
23*
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whence it has arrived within 16 feet of the surface ; on this space only

-J 3 booths of the whole force is exerted.

Let us now turn our thoughts for a moment from the earth towards
the sun. The researches of Sir John Ilerschel and M. Pouillet have
informed us of the annual expenditure of the sun as regards heat ; and
by an easy calculation we ascertain the precise amount of the expen-
diture which falls to the share of our planet. Out of 2,300,000,000
parts of light and heat, the earth receives one. The whole heat emit-

ted by the sun in a minute would be competent to boil 12,000,000,000
of cubic miles of ice-cold water. How is this enormous loss made good ?

"Whence is the sun's heat derived, and by what means is it maintained?
No combustion, no chemical affinity with which we are acquainted,

would be competent to produce the temperature of the sun's surface.

Besides, were the sun a burning body merely, its light and heat would
assuredly speedily come to an end. Supposing it to be a solid globe of

coal, its combustion would only cover 4600 years of expenditure. In
this short time it would burn itself out. What agency then can pro-

duce the temperature and maintain the outlay? We have already re-

garded the case of a body falling from a great distance towards the

earth, and found that the heat generated by its collision would be
twice that produced by the combustion of an equal weight of coal.

How much greater must be the heat developed by a body falling to-

wards the sun! The maximum velocity with which a body can strike

the earth is about 7 miles in a second ; the maximum velocity with

which it can strike the sun is 890 miles in a second. And as the heat

developed by the collision is proportional to the square of the velocity

destroyed, an asteroid falling into the sun with the above velocity

would generate about 10,000 times the quantity of heat generated by
the combustion of an asteroid of coal of the same weight. Have we
any reason to believe that such bodies exist in space, and that they

may be raining down upon the sun? The meteorites flashing through
the air are small planetary bodies, drawn by the earth's attraction,

and entering our atmosphere with planetary velocity. By friction

against the air they are raised to incandescence and caused to emit

light and heat. At certain seasons of the year they shower down upon
us in great numbers. In Boston 240,000 of them were observed in nine

hours. There is no reason to suppose that the planetary system is

limited to " vast masses of enormous weight ;" there is every reason

to believe that space is stocked with smaller masses, which obey the

same laws as the larger ones. That lenticular envelope which surrounds

the sun, and which is known as the Zodiacal light, is probably a crowd
of meteors ; and moving as they do in a resisting medium, they must
continually approach the sun. Falling into it, they would be compe-
tent to produce the heat observed, and this would constitute a source

from which the annual loss of heat would be made good. The sun, ac-

cording to this hypothesis, would be continually growing larger ; but

how much larger? Were our moon to fall into the sun, it would deve-

lop an amount of heat sufficient to cover one or two years loss ; and
were our earth to fall into the sun, a century's loss would be made
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good. Still, our moon and our earth, if distributed over the surface of

the sun, would utterly vanish from perception. Indeed, the quantity

of matter competent to produce the necessai-y effect would, during the

range of history, produce no appreciable augmentation in the sun's

magnitude. The aurrmentation of the sun's attractive force would be

more appreciable. However this hypothesis may fare as a representant

of what is going on in nature, it certainly shows how a sun might be

formed and maintained by the application of known thermo-dynamic
principles.

Our earth moves in its orbit with a velocity of 68,040 miles an hour.

Were this motion stopped, an amount of heat would be developed suf-

ficient to raise the temperature of a globe of lead of the same size as

the earth 384,000 degrees of the Centigrade thermometer. It has been
prophesied that " the elements shall melt with fervent heat." The
earth's own motion embraces the conditions of fulfilment ; stop that

motion, and the greater part, if not the whole, of her mass would be

reduced to vapor. If the earth fell into the sun, the amount of heat

developed by the shock wouhl be equal to that developed by the com-

bustion of 6435 earths of solid coal.

(To be Continued.
_)

Steam Boiler Explosions.

From the Journal of the Society of Arts, No. 502.

At the last ordinary monthly meeting of the Executive Committee
of the Association for the Prevention of Steam Boiler Explosions on
Tuesday, June 24, Hugh Mason, Esq., Vice-President, in the chair,

Mr. L. E. Fletcher, chief engineer, presented his monthly report, of

which the following is an abstract :

—

" DurincT the last month there have been examined 224 engines

—

5 specially ; 400 boilers—9 specially, 8 internally, 68 thoroughly, and
315 externally ; in addition to which 7 of these boilers have been
tested by hydraulic pressure. The following defects have been found
in the boilers examined :—Fracture, 5(2 dangerous) ; corrosion, 43 (7

dangerous) ; safety-valves out of order, 7 ; water gauges, ditto, 11

;

pressure gauges, ditto, 6 ; blow-off cocks, ditto, 36 ; fusible plugs,

ditto, 3; furnaces out of shape, 6 (1 dangerous); over pressure, 4;
blistered plates, 4; total, 125 (10 dangerous). Boilers without glass

water-gauges, 8 ; without pressure gauges, 5 ; without blow-off cocks,

7 ; without back pressure valves, 26.
" No explosion has happened during the past month to any boiler

under the inspection of this Association, neither have I heard of the

occurrence of any in other parts of the country.
'• Advantage has been taken of the very general stoppage of the

works during Whit-week to make as many ' internal and thorough'

boiler examinations as possible, the ordinary routine of visits being

entirely laid aside in order that the inspectors might exclusively de-

vote themselves to this special branch. Applications for these exa-
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minations have tliis year been so numerous that the inspectors were

incessantly occupied upon them (luring the whole week, notwithstand-

ing which, however, a few late applications could not be complied

with. Members might avail themselves of any holidays peculiar to

their own district, for securing these 'internal and thorough' exami-

nations. Early applications should in all cases be made for the visit

of inspection.
" Several cases of extensive corrosion were revealed by these exa-

minations, and which attested to what a dangerous extent they are

too frequently postponed. In one instance, the plates at the bottom

of a boiler were so reduced in thickness, that the engine attendant

feared lest the removal of the cake of incrustation should rob them of

so much assistance as to prove fatal to tlie integrity of the shell.

"I find it necessary again to repeat that it is absolutely impera-

tive, if these examinations are to be satisfactory, that the flues should

be thoroughly swept, and the boilers suitably prepared, otherwise the

condition of the phxtes cannot be ascertained ; while, on the score of

economy, I would remark, in passing, that our members can scarcely

be aware of the amount of fuel wasted by allowing the plates of their

boilers, while in work, to be coated with so non-conducting a sub-

stance as soot. Feed water passed through heaters loses 30 degrees

of its temperature within a week after sweeping, while the utility of

the heater is almost lost if allowed to go unswept for a longer period.

This will give some idea of the loss occasioned to boilers by neglect,

and I have found the soot to hang from the surface of the plates in

complete festoons immediately after the flues themselves had been pass-

ed as swept.

Safe Working Pressure of Boilers, and Hooping of Flues.—" For

some time since I have been desirous of touching upon the point of

Safe Working Pressures for boilers, since it not unfrequently hap-

pens that it is necessary to warn our members on account of excess.

" The scale adopted by the Association as a general standard is as

follows :—For shells of boilers 7 feet in diameter, made of f th plate,

the safe working pressure 50 pounds ; if of /gth plate, 60 pounds
;

and other dimensions in proportion. This allowance corresponds with

the general practice of the manufacturing engineers of the district, is

quite as high as the standard in other parts of the country, and con-

siderably in excess of that permitted either in France, Holland, or

Belgium, by their respective governments. It must, however, be dis-

tinctly understood, that this standard should not be applied arbitra-

rily in every case, without any allowance being made for the attend-

ant circumstances. It is only applicable in cases where the boiler is

well made, both as regards materials and workmanship, and where the

condition of the plates is good. It would be highly dangerous to ap-

ply it to boilers weakened by the wear and tear of years ; while oq

the other hand, a new and thoroughly well made boiler might for a

time be allowed to work at a pressure slightly in excess of that given.

But this could only be safe where every thing is iu first rate condi-

tion.

I
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" It is a very common idea that the bursting pressure of a boiler is

six times as high as that given above as its safe working pressure.

This, however, I am persuaded, is a great mistake, and leads in many
cases to undue confidence. I am confirmed in this conclusion by the

constant examination of the rent plates in boilers that have exploded,

where I find that, even where explosion results from thinning of the

plates, rupture ensues long before they are reduced to one-sixth of

their original thickness, and in one case I knew a well made and nearly

new boiler, in first rate condition, to explode, on account of only a

comparatively slight increase of pressure, Avhich had accidentally been
allowed through an error in tlie steam gauge. In this case, that at

wdiich the boiler actually burst did not exceed its ordinary working
pressure by more than 50 per cent., the one being about 90 pounds,

the other 60 pounds. I believe that an application of any thing like

six times the pressure given in the scale above, would burst most of

the boilers in Lancashire, and where it has been actually attempted.

by hydraulic pressure, the steam domes have been found to tear off

long before the strain referred to has been attained. I cannot, there-

fore, think that shells of cylindrical boilers can be worked without

risk at a higher pressure than that given in the preceding scale, un-

less under very exceptional circumstances.

"With regard to the Furnace Tubes which are exposed to external

pressure, I am glad to find that the practice is becoming increasingly

general of strengthening them either with flanched seams or hoops, the

hoops being made either of angle iron, T-iron, or other approved

form ; and since it too frequently happens that flues are not made in

the first instance truly cylindrical, on Avhich their strength so much
depends, and that other sources of weakness creep into the manufac-

ture unawares, it is extremely desirable that no new boiler should be

constructed with flues unstrengthened in the way just described, how-
ever slight the working pressure may be.

" These hoops are frequently added to boilers after their first con-

struction, and since some of our members have suffered inconvenience

from the imperfect manner in which they have been fixed, I may state

the method found by experience to be the best, which is as follows :

—

The hoops, if made in two halves, may be passed in through the man-
hole, and then be secured to the furnace tubes when in position. They
should not, however, be brought in direct contact with the plates of

the tube, but should have ferrules of about an inch thick placed be-

tween the two, so as to leave a clear space all round through which

the water can circulate. Where this space has been omitted, the plates

have been found in some places to crack at the rivet holes, and in

others to blister and buckle, in consequence of which many plates have

had to be cut out and the hoops removed, from which the system of

hooping has been in some cases unfairly condemned. Where, however,

the ferrules have been introduced and the water space allowed, no in-

jury has been found to arise to the plates even over the hottest part

of the fire. The rivets uniting the hoops to the furnace tube should

pass through these ferrules, and be spaced about six inches apart.
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while the two halves of the hoops should be connected together by-

butt strips riveted to their ends at their back. When hoops are ap-

plied as an after-clap in this way, angle iron is preferable to T-iron,

as the flanch, being narrower, is less liable to cause overheating of the

plate. It may be necessary to vary the size of the angle iron in some

cases, but, generally speaking, one three inches in the flanch and half

an inch in thickness will be found to answer every purpose. It is

sometimes the practice to put two angle irons back to back. This is

quite unnecessary, and a single one is all that is required. A draw-

ing, to show the arrangement recommended, has been made for the

assistance of the members, and can be seen on application at the of-

fices of the Association.
" Since writing the above, I have met with some additional cases,

where consideralsle expense has been incurred by having to remove

angle iron hoops from furnace tubes, in consequence of the injudicious

mode in which they liave been fixed, and would therefore impi-ess upon

our members the importance of attention to the above, if they wish to

prevent the recurrence of disappointment in their own case."

On the Best Form and Dimensions of a Seat.

From the Loutlon Builder, No. lOli.

A correspondent writes as follows :

—

"When a Avorkman is about to make a saddle, he does not begin with

a T-square and straight-edge, and make every part of it with right

angles ; but proceeds to model a saddle-tree, with the underside fitted

to the horse's back, and the upper surface formed so as to extend as

much as possible the part on which the rider sits. The same principle

applies to a seat. The form of the human frame should be considered,

and the seat so modelled as to extend the resting-surface, and be adapt-

ed to the average size of man. Keeping this in view, the best dimen-

sions for a comfortable church pew would appear to be

—

Width of pew from centre to centre, . .

Height of back, totul,

Divided thus :

—

From floor to upper surface of seat at back, .

From thence, perpendicuhir,

From thence, sloping about I inch in 4 inches,

Seat, total breadth, 15 inches, divided thus :

—

From hack, forwards, decline ^ inch in .

From thence, rise 1^ inch in . •

From thence, to the front, level,

2 ft. 9 ins.

3
>-)

1 ft. 4 ins.

5

1 5

3 ft. 2 ins.

ft. 4 ins.

9.V

1}

I ft. 3 ins.

Making the height of the scat at the front 17 inches.

There is abundant room for men's hats under the seat.

If the seats are to have cushions, they should be half an inch lower,
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and tliat half inch added to the perpendicular part of the back, making
it 5| inches.

Tliis per})endicular part of the back is of essential importance to the

comfort of tlie seat, as it gives support to the bony frame of the loins,

while the slope above it leaves room for the motion of the heart and
lungs, and affords rest to the shoulders.

The form of the seat also gives support to the limbs where they

grow thinner, and in every way extends the surface on which the

body rests.

This general form and these dimensions have been worked out, after

much comparison and study, by Mr. William Brown, of Glasgow. The
general principles, says the writer, may be also employed in the im-

proved construction of benches, couches, and chairs.

On the Uses of Carbolic Acid for Engineers.

From the Lond. Mechanics' Magazine, July. 1862.

Sir :—Most persons have by this time heard that there is such a

substance as carbolic acid; comparatively few have seen it, fewer still

have used it, and no one (so far as I can find) has yet noticed a very

remarkable property which it possesses in relation to practical me-
chanics. For the information of those to whom the substance itself is

unknow^n, a word or two will be sufficient to introduce it to their no-

tice. Carbolic acid is one of tlie products of the destructive distillation

of coal, and till within a few years vast quantities of it were utterly

wasted. When perfectly pure, it is a white crystalline solid, which by
absorbing water soon changes into a colorless refractive liquid, having

a faint odor of roses and tar. It is not an acid in the popular sense,

not being either sour or corrosive, and should therefore, perhaps, be

generally designated by its other title of phenole. Crude carbolic acid

may be obtained in bulk for about a shilling a gallon, and is a dark,

tarry liquid, containing, perhaps, from ten to twenty different sub-

stances, in a state of mechanical admixture. Fortunately, this crude

acid is available for the purposes to' which I invite the attention of

your readers. Just as oil is an antifrictional liquid, so is phenole

profrictional; or, to state it more correctly, as oil appears to keep
surfaces in motion asunder by interposing a thin film between them,

so phenole appears to make them bite and bind, by bringing them into

absolute contact (after a manner of speaking), and removing even the

finest film from between them. Any one may convince himself of this

by placing a little upon a perfectly clean and dry oil-stone, and then

rubbing up the face of a broad chisel upon it. The sensation of the

bite (I know of no other word to express it) is very curious, and ren-

ders any further explanation unnecessary; it seems as if the stone and
the steel had absolutely nothing between them, or even as if they were
positively brought together by some attractive force. I have applied

this property of carbolic acid, with great apparent advantage, to the
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following operations :—Grinding, filing, boring, and sawing in metal.

"When dissolved in fifteen parts by measure of methylated alcobol, it

forms a milk-white emulsion if poured into water, and it may be worth

while to ascertain whether such carbolated water would facilitate the

ordinary work of the grindstone, a point on which I am not able to

speak with certainty. If any of your readers should experience, as I

did, much difficulty in obtaining the crude carbolic acid, I shall have

much pleasure in indicating the source from whence mine was derived,

or in supplying any practical engineer with a small sample so long as

my little quantity holds out.

John Eyre Ashby, LL. D.
Enfield, Middlesex, July 7th.

Enormous Increase of the English Glass 3fanufacture.

from Herapath's Railway Journal, No. 1204.

A very beautiful model, and quite unique in its way as instancing

the rapid advances made in the manufacture of glass of late years, has

just been placed in the galleries of the Crystal Palace at Sydenham.

By this model, visitors may see the great extent of Messrs. Hartley's

works—who, by the way, were the contractors for the glass used by

the Messrs, Kelk and Lucas at the International Exhibition—and the

different descriptions of glass manufactured. These consist of crown,

sheet, patent rough plate for roofing, colored for artists, &c., and the

processes of flattening, blowing, warehousing, annealing, and packing

are exemplified. The model occupies a space of about 22 feet by 9,

and is crowded by the various chimneys and building necessary to a

giant manufactory. In the National Exhibition, which it must be re-

membered is mainly a brick structure, there have been used about

600,000 superficial feet of glass, weighing about 300 tons, and on each

of the domes is 30 tons of glass ! It is scarcely credible that 30 years

ago there was not a foot of sheet glass made in this country. About
that time foreign workmen were brought over by Mr. Hartley, but the

manufacture languished for several j^ears, and did not fairly take root

in English soil until the repeal of the excise duties in 1845. Yet what

is the state of this industry now in which Ave are exporting it very

largely to all parts of the world ? We are informed that the yearly

production of sheet glass in England at the present time is equivalent

to fifty millions of superficial feet of glass weighing 1 lb. to the foot,

or more than sufficient to encircle the globe with a band 12 ins. wide.

One glass-house pot will produce about 150,000 to 160,000 feet per

annum, and each furnace contains eight of these pots. Hence, each

furnace is capable of producing a million and a quarter of superficial

feet a year ; and as Messrs. Hartley show ten glass-houses on their

model, they could, if all produced the same glass as they supplied to

Messrs. Kelk and Lucas, turn out 12,500,000 superficial feet per an-

num, or a foot per head for all the male population of the United

Kinfjrdom.

—

Globe.



277

For the Journal of the Franklin Institute.

Application of J. G. Abbott and A. Lawrence, in interference ivith

the Patent of James Spear, of March 22, 1859, for an Improvement
in Stoves. Reported by H. Howson, Esq., Philadelphia.

U. S. Patent Office, August 6, 1859.

Sonorahle Commissioner of Patents

:

Sir :—The invention which is the subject of contest in this case,

is thus claimed by Mr. Spear in the patent which has been granted
him, viz., " The combination of the slide E, in the door frame F, with
the ring M and the cylinder B, and the body of the stove A, as con-

structed in the manner and for the purpose set forth."

In the application of Abbott & Lawrence, the claim is thus enun-
ciated: " The combination of the ring r, perforated door frame F, ex-

tending down over the ring, and the slide B, with the stove cylinder

as set forth." (The amendment by which it is proposed to claim the

equivalent of the slide B, it will thus be observed, has not been re-

garded, it being of doubtful propriety to allow a change of claim after

interference declared.)

An inspection of the drawings, in connexion with the above claims,

shows with slight variation in construction, an identity of invention,

the same being a certain combination of features for the purpose of

producing a gas burning stove, that denomination being understood

to apply to stoves in Avhich provision is made for igniting the carbon

of the products of combustion, by introducing thereto jets of heated
air immediately over the fuel, at the top of the fire pot.

Allowing the invention on the part of the patentee to date as early

as the first or second week of August, 1858, when, according to the

testimony of Walter, Spear told him to make slides to Kisterbock's

(or Silver's) stove, "to put one on the frame of the door and under
the door to connect with a ring," &c., whether an earlier date can be
shown by the applicants, will depend upon the disposition which is to

be made of the position insisted upon on the part of the patentee
;

that the testimony in chief on the part of the applicants must be re-

garded as having closed with Sailor and Smith, subsequent to which,

nothing but rebutting testimony was properly admissible.

It is believed, however, that the enforcement of a rule so purely

technical, would not be consistent with those limited powers with which
the Office is clothed by the law in cases of this kind, nor with what is

known to be official practice.

The Office having no compulsory power for the production of testi-

mony, is obliged to decide disputes as to points of priority upon such
evidence as can be obtained through the voluntary attendance of wit-

nesses. All the testimony desired in any particular case, can there-

fore seldom be produced at once ; and although this circumstance is»

an unsatisfactory one as regards the complete reliability of testimony

so procured, it is believed that a still greater evil to the cause of jus-

tice would result from excluding it.

Vol. XLIV.—Third Series.—No. 4.—October, 1862. 24



278 3Iechanics, Physics, and Cliemistry.

This view is sustained by the decision, referred to in his argnraent

by the Counsel for applicants, of Commissioner Mason, in the inter-

ference case of Schlough vs. Vansycle.

AVhat then is the effect of the evidence, if admitted ? It had been

proven by Sailor, a designer and carver, that he had about the 1st of

December, 1858, made the design for a door, which appears as Ex-

hibit 1 ; on showing which to the firm, he was ordered to leave some

boles at the lower side of the door frame, for the purpose of some kind

of register. Smith also had testified that the firm to which he belonged

had been applied to the first week in November, 1858, to make seve-

ral sizes of stove involving the invention in dispute, and confirms

Sailor as to the time when drawing Exhibit 1 was completed.

Now these witnesses were parties who were not engaged directly in

the establishment of Abbott & Lawrence ; and it is not perceived,

therefore, that there is irreconcilable inconsistency of the subsequent

"witnesses, Lawrence and Bell, in alleging an earlier knowledge obtain-

ed by them respectively as directly employed in the service of Abbott

& Lawrence.

It is true, that the witnesses do not agree precisely as to the time

when the invention was made by the applicants ; but the difference in

this respect is perhaps explained by the different situation of the wit-

nesses in relation to the business of the establishment. It does not ap-

pear improbable that Lawrence, as the foreman of the establishment,

should have possessed a knowledge of the invention by Abbott & Law-

rence earlier than could be had by Nicholson, the salesman, or by the

designer and pattern maker of a different establishment.

The testimony of Lawrence and Bell fixes the invention on the part

of the applicants as far back as 1857, and if the invention can be re-

garded as complete at that time, the question is decided.

It is indeed to be regretted that the sketches of the invention, which

are said by the witnesses, Lawrence, to have been made by both the ap-

plicants at the time just referred to, had not been produced, though

they can scarcely be regarded as necessary to enable a mechanic to

carry an invention into actual operation. It is the testimony of Law-
rence and Bell that the stove for which the design, Exhibit 9, was pa-

tented September 8, 1857, was upon the same principle as that in ques-

tion, the sole difference being that, whereas the air was introduced in

the stove made under that patent through an aperture in the rear of the

stove which connects with another in the ring, it was in June or July,

1857, determined to introduce it through a hole in the loiver j^art of

the door, the door being also provided with a slide or valve. The slight

chano'e which constitutes the invention was thus intelligible from mere
description, and must doubtless be deemed a sufficient compliance with

the requirements of the Olfice in that regard. See rules and direc-

.tions, section 7.

The time which intervenes between the invention and its adoption

in practice, appears also of somewhat unreasonable length
;
yet we

regard it as less so when informed that the delay is in part owing to

objections of mechanical difficulty and expense in applying it, and to
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a desire to avoid interfering with the sales of valuable stock on hand
constructed after the pattern, Exhibit 9.

Upon the whole, I am led to the conclusion that Messrs. Abbott &
Lawrence appear from the evidence, to have been the prior inventors

of the combination of devices constituting the subject of dispute in this

interference, and so report.

All of Avhich is respectfully submitted,

Robert D. Clark,
Examiner in Charge.

The foregoing report is confirmed, adjudging priority of invention

to Abbott & Lawrence, to whom a patent is ordered to issue. Limit

of appeal thirty days.

S. T. SriUGERT,

Aug. 8, 1859. Acting Commissioner,

Jas. Spear, Appellant, vs. J. G-. Abbott & A. La"wre:n-ce, Appellees.

On appeal from the decision of the Commissioner of Patents of the

8th of August, 1859, awarding to appellees a patent as prior invent-

ors of a certain combination of features, to produce gas burning stoves.

The specifications and claims of the parties litigant in this case, with

the drawings filed in the ofiice, show the inventions claimed by appel-

lant and appellees, to be substantially the same, and the question to

be decided is who was the prior inventor ?

If the testimony of Bell and Lawrence was legally taken, and pro-

perly before the Commissioner, and before me on appeal, there can be

no doubt the appellees have established their priority as inventors.

It has accordingly been earnestly maintained by the counsel for

Spear, that the depositions of these witnesses must be excluded. He
invokes the protection of the rule of practice in the courts of England
and this country, in the trial of common law causes before a jury,

which requires a party to examine all his witnesses in chief before he

closes his opening examination, and forbids afterwards the introduc-

tion of any other than rebutting proof.

This rule in jury trials, produces order and method, and expedition

in the transaction of business, and promotes fairness and prevents

fraud in the conduct of common law causes. It makes a party show
his hand to his adversary, prevents his splitting up his proof and re-

taining part for reply, and defeats the fraudulent purpose, if such ex-

ists, to make evidence to overcome and fit the defence. But the rule

has no application in equity, or admiralty, or in any other than a

common law tribunal injury causes.

The proceedings in the Patent Office in contested cases, have no
resemblance to trials at law. The testimony is not taken before the

Commissioner of Patents at the place of trial, but as in equity, before

a commissioner, at the place of residence of the witnesses, without any
compulsory power in the Patent Office, to coerce their attendance, and
who may be scattered over the country at remote and distant points

from each other. The Commissioner in the first instance, and the
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Judge on appeal, decides both law and fact, without the intervention

of a jury.

Besides, by the 12th section of the Act of Congress of the 3d

March, 1839, the power to make regulations for the taking of testi-

mony in contested cases in the Patent Office, is expressly conferred

on the Commissioner, not subject to any control or revision by the

appellate judge.

In virtue of this power, the following regulations have been adopt-

ed : 41st Rule, " upon the declaration of an interference, a day will

be fixed for closing the testimony, and a further day fixed for the

hearing of the cause. Previous to this latter day, the arguments of

counsel must be filed, if at all." 86th Rule. " That before the deposi-

tion of a witness or witnesses be taken, by either party, reasonable

notice shall be given to the opposite party of the time and place, when
and where such deposition or depositions will be taken, so that the

opposite party may cross-examine, &c., and such notice shall, with

proof of service of the same, be attached to the deposition or deposi-

tions, whether the party cross-examine or not, and such notice shall

be given in sufficient time for the appearance of the opposite party,

and for the transmission of the evidence to the Patent Office before

the day of hearing."

These Rules of the Commissioner, made under the authority of the

Act of Congress to which I have referred, give to either of the litigat-

ing parties the right to take depositions without restraint, up to the

day of hearing fixed by the Office, or to a day near enough to give

time for the transmission of the evidence to the Patent Office. While

these rules are in existence the parties are bound by them, and the

judge on appeal must give effect to them, and as the disputed deposi-

tions of Bell and Lawrence, have been taken in conformity with the

rules, they are properly and legally in the case.

I add that the decision and practice of the Office are in harmony
with these rules, and the appellees had a right to rely upon them.

If the rules are abused, and work wrong, which I do not mean to

say, the Commissioner has power to alter them, but such alteration

could only operate prospectively.

These witnesses last referred to are not impeached, and they prove

priority of invention for the appellees. It is argued that they contra-

dict and falsify Sailor and Smith, the former witnesses of appellees,

which appellees cannot lawfully do, as it is against law for a party to

discredit his own witness, but this is not so. There is no contradic-

tion, no necessary conflict. Sailor and Smith may have truly stated

the time Avhen the invention first came to their knowledge, and the

other witnesses may have testified also truly to earlier dates, Avithin

their knowledge. As the appellees made their application to the office

for a patent within two years after perfecting their invention, and re-

ducing it to practice, I think the Commissioner properly awarded

them a patent, and I do, this 21st September, 1859, affirm the judg-

ment of the Commissioner of date the eighth day of August, 1859.
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I herc-n'ith return all the papers and models to the OflBce "with this

my opinion and judgment, this 21st September, 1859.

Jas. Dunlop, Ch. Judge.
To the Hon. Wji. D. Bishop,

Commissioner of Patents, Washington.

FRAXKLIN INSTITUTE.

Proceedings of the Stated I}Ionthly Meeting, Sept. 18, 1862.

J. C. Cresson, President, in the chair.

John Agnew, Vice President,
] p, ,

Isaac B. Garrigues, Recording Secretary, j
The minutes of the last meeting were read and approved.
Letters were read from M. Cesar Daley, Paris, France ; the Lite-

rary and Philosophical Society, Liverpool, England; and Frederick
Emmerick, Esq., Washington, D. C.

Donations to the Library were received from the Royal Astronomi-
cal Society, London, and the Literary and Philosophical Society, Li-

verpool, England; Capt. AYm, H. Swift, Boston; the State Lunatic
Asylum, Utica, New York ; Thomas C. Clark, Esq., Camden, New
Jersey ; Frederick Emmerick, Esq., Washington, D. C. ; and James
J. Barclay, Esq., Prof. John F. Frazer, and Prof. John C. Cresson,
Phihidelphia.

The Periodicals received in exchange for the Journal of the Insti-

tute, were laid on the table.

The Treasurer's statement of the receipts and payments for the
month of August was read.

The Board of Managers and Standing Committees reported their

minutes.

Candidates for membership in the Institute (2) were proposed, and
the candidates (3) proposed at the last meeting were duly elected.

The President gave an account of the rain storm of Sept. 12th inst.,

in which the quantity of rain at some points Avas larger than any on
record in the vicinity of Philadelphia. The area over which the ex-
cessive rain fell appears to have been small, very little of it being out
of the corporate limits of the city ; and the only streams much swollen

by it were those which reach the Delaware and Schuylkill Rivers
within these limits. Measurements of the quantity of rain made at

several stations of the City Gas Works, showed a remarkable differ-

ence in its amount at places but a few miles apart. At the First Ward
station, on the Schuylkill below Gray's Ferry, the quantity was Sj^j^ths

inches ; at the Fifteenth Ward station, on the Schuylkill near Fair-

mount, it was 6 inches ; and at the Twentieth Ward station, on the
Cohocksink Creek, near Ninth and Diamond Streets, it was 9 inches;

These three stations are located at the angles of an obtuse triangle,

24«
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•whose lono; side connectino; the First and Twentieth "Wards, is about

6 miles long in a direction nearly S. W. and N. E., and the two short

sides 3| miles each. This great amount of rain fell in the course of

less than five hours, between 6 and 11 A. M., and necessarily pro-

duced a great freshet in the water-courses of the district lying be-

tween the Tacony on the north and the Cohocksink on the south.

Both these, as well as Frankford Creek, the AVingohocking, Three-

mile Run, and Gunner's Run, were out of their banks, inundating all

the adjacent low grounds, and sweeping away substantial stone

bridges that have withstood the storms of half a century.

Some of these bridges were examined for the purpose of learning

how their destruction was brought about, and two of them appear to

have been destroyed in a way nearly identical, resulting from a very

unusual peculiarity in their water-way. At Broad Street an embank-
ment has been raised across the valley through which the Cohocksink

flows, reaching from bank to bank, a distance of more than 500 feet.

The height of this embankment is about 25 feet above the bed of the

creek, and its width on top about 120 feet, with short retaining walls

on each side of the brick arch for the water-way.

This archway is a semicircle of 12 feet radius, standing on perpen-

dicular abutments that rise about five feet above the ordinary water

level, giving a passage of 24 feet width and 17 feet clear height.

This large culvert does not extend entirely through the embank-
ment, but stops short of the eastern or outlet side about 12 or 15 feet,

where it is abruptly terminated against the end of a small semicircular

arch of only 8 feet span and 6 feet height above water level, which

affords only one-ninth as much water-Avay.

The bridge next west of this, distant about 300 yards, is on the

Lamb Tavern road ; it is of ancient construction, of good stone ma-
sonry, with a semicircular water-way of 20 feet span and 10 feet rise.

The embankment that crosses the valley is about 200 feet long, sup-

ported throughout by stone retaining walls, on which the parapet

rises 2 feet above the macadamized roadway, or 18 feet above the bed

of the stream ; the width of embankment from out to out of retaining

walls is 35 feet.

The outlet end of the water-way under this bridge has recently been
closed by a connexion with an 8-feet culvert, which extends across the

intervening flat nearly to Broad Street.

This brief description of these structures leaves but little room for

doubt as to the manner of their demolition.

An accumulation of water behind a small bridge on Islington lane,

a short distance westward, overthrew that bridge, and came down in

a large wave upon the Lamb Tavern bridge, which was already pass-

ing as much water as the culvert that closed its outlet could vent, and
the sudden impact of this great mass burst upward the overcharged

archway and mounted the parapet walls, carrying away the latter, and
tearing out the obstructing culvert for a hundred feet of its length.

The lake formed above the bridge now obtained free vent, and this

double flood rushed across the intervening flat to the Broad Street
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embankment, where the waters were already struggling for passage

through the small outlet of the large archway—the upper portion of

the latter being several feet above the level of the torrent. The mo-

mentum of the great wave caused it to rise in the large arch so as to

,

fill momentarily its entire cross section, and compress the imprisoned

air sufficiently to blow up its eastern extremity for a length of about

40 feet, while the western portion still stood.

The part thus broken up fell into the chasm, and was immediately

swept by the torrent into the adjacent meadow.

In one case the archway was completely filled with water before the

advent of the great wave, and the inlet end was destroyed, leaving the

outlet end whole ; in the other the archway contained air along its

crown, which was forced to the furthest extremity of the large cavity,

and there did its work of destruction.

At Tenth Street, the fresh embankment on which the street was

graded became soft by the superincumbent waters which the D-feet

culvert was unable to vent, and when it was pressed by the rush from

the breakages above, it gave way, and allowed the triple lake to rush

through and add their impetus to a fourth pool, which had already ac-

cumulated in the low ground between Tenth and Seventh Streets,

south of Diamond Street.

We can form an idea of the immense mass of water thus accumulated

and driven through the narrow streets east of Seventh Street, when
we consider that torrents of rain falling in less than five hours to a

depth of nearly 9 inches over an area of about 2 square miles, had

their only outlet in this direction.

The sudden irruptive wave was the produce of four distinct pools

within 1| miles distance, pouring out their waters almost simultane-

ously into a low district, already inundated by its own share of the

great rain.

Mr. Burson exhibited one of his Grain Binders, and explained its

action. It consists of a stand carrying a jointed curved arm, attached

to a lever worked by the attendant. A shaft passes down the centre

of the stand, from top to bottom, and has at its upper end a crank

handle, and at its lower end a set of bevel gear wheels, which open

and close a pair of nippers, a pair of jaAvs, and then give the latter

several revolutions. A spool of wood is attached near the top of the

stand, upon which is wound No. 24 annealed iron Avire. This wire

passes through grooved pulleys, placed on the jointed curved arm
along its length and at its extremity. The movement of this arm brings

its point close up to the nippers. The binder is attached to the plat-

form of a Manny Reaper in such a way that the arm in its sweep

grasps the stalks as they fall upon the platform ; its point passing

along a groove cut below the surface, causes all the stalks within its

reach to be gathered up tightly, when the point brings the wire be-

tween the nippers and jaws ; a single rotation is then given by the

attendant to the crank handle, which cuts oflF the wire, gives the ends
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several twist.?, releases them, and seizes the end of the wire again.

The attendant then raises the arm by moving a lever, whilst the wire

runs off the spool, and is held high enough to permit the stalks to fall

beneath it, ready for the next sheaf. Its total weight is about 100
pounds ; one person can attend it, and, it is said, bind as fast as the

reaper can cut. Several certificates, given by farmers in New Jersey
and Illinois, and the Secretary of the Wisconsin Agricultural Society,

bear witness to its efficiency.

Chief Engineer, W. W. W. Wood, U. S. Navy, being present, was
requested to state to the meeting the cause of the return to this port

of the iron clad frigate. New Ironsides, several statements having ap-

peared setting forth various causes for the return of that vessel, (Mr.

W^ood having been connected with the construction of this ship, and
having been on board during her recent experimental cruise by order

of the Navy Department.)

Chief Engineer Wood, after stating the reasons which caused her

return, {ivliicli tvas for the purpose of having her spars again 'put on
hoard,) and the very satisfactory performance of the ship, proceeded

to give an interesting statement of the formidable arrangements and
heavy armament on board, and also the history and causes which have
led to the introduction of these immense guns.

Mr. Wood proceeded to give the theories incident, and the difficul-

ties practically encountered in the fabrication of heavy ordnance. It

was found that guns made of a highly elastic iron were capable of

greater endurance, than if a more compact iron of greater tensile

strength per sectional inch of area had been used; he had been con-

nected with a series of experiments wherein it was demonstrated by
practical tests, that heavy pieces of ordnance, the iron of which was
capable of Avithstanding from 39,000 to 40,000 pounds tensile strength

per sectional inch of area, with a corresponding density, was not ca-

pable of the endurance of similar pieces, the specimens of iron from
•which sustained a tensile strength of not more than from 17,000 to

23,000 pounds per inch of area, having of course a much less specific

gravity or density. In the latter case one piece sustained in addition

to the proof charge, over 1700 service charges with no perceptible al-

teration, except an enlargement of the vent after about 900 fires, and
slightly furrowed indentations in the chamber leading to the vent.

He next proceeded to state the theories and means practically intro-

duced to produce guns of the greatest strength to withstand charges

of maximum eflect.

The general accepted theory as to the causes of the breaking of

heavy pieces, was that, in the ordinary methfid of casting them, the

iron cooling on the exterior portions of the gun soonest, produced, as

a matter of course, a strain, by unequal shrinkage in the mass. Vari-

ous methods have been resorted to to prevent this effect, such as cast-

ing the piece hollow and cooling from the interior while the mould

was heated on the outside to prevent too rapid cooling of the exterior,
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and to equalize the temperature during the process throughout the

mass of iron composing the casting as much as possible, so as to pre-

vent any strain which would be caused by unequal cooling, the pro-

cess being that of Captain Hodman of the U. S. Army. On the other

hand the Dahlgren guns are, in some cases, cast in form more nearly

approaching a cylinder, the additional metal on the exterior causing

strain by unequal shrinkage in having first cooled in the mould, being

removed in finishing the gun, which has been cast solid, and what is

supposed to be the weakest part of the mass of iron bored out and re-

moved.
These difficulties it will be appreciated, increase as the mass of the

casting becomes enlarged in the fabrication of great guns. " All the

13-inch mortars used by the English in the bombardment of Sweaborg
during the last war with Russia, burst after an average of 120 rounds,

having split in two equal halves in a plane passing through the axis

of the vent, exhibiting no defect except just at the bottom of the

chamber, where a small irregular cavity was found with ragged sides

and bottom, as though burrowed into by some corroding agent."

Mr. Wood also alluded to the age of the gun with respect to its

powers of endurance, wherein it was found by experiment that the

age of the gun exerted a very great influence upon its endurance ; he
explained by the supposition, that the unequal shrinkage Avhich has to

some extent unavoidably taken place in the cooling of the gun when
cast is compensated for by the re- arrangement of the atoms of crys-

tallization by the law of cohesion in their proper direction.

Chief Engineer Wood concluded his remarks on this very interest-

ing subject by briefly stating what he believed to be a great cause

of the failure of these heavy pieces of ordnance, which was on the

principle of unequal expansion between the interior and exterior por-

tions of the pieces when being rapidly fired ; the interior of the gun
being first and constantly heated, before the conducting properties of

the iron have conveyed a corresponding temperature to the exterior.

We have a strain upon the piece equal to tlie difference of expansion,

or that due to the difference of elongation of masses of iron at unequal
temperatures, by which it is seen that the normal condition of the

crystals of iron are disturbed in proportion to the spaces occupied in

respect to each other in solid mass, in proof of which he cited the

circumstances of the explosion of the gun on board the Naugatuch^
and the fractures which take place in the breaking of these large

pieces of ordnance.

Mr. Wood promises a continuation of this subject, illustrating the

views expressed, on a future occasion.

Mr. John W. Nystrom remarked—To cast a gun solid and 8 ins.

larger in diameter, to be turned off in finishing it, I believe is very
injurious to the strength of the same ; not only because the best or

strongest part of the metal at the surface is turned away, but the

strain Caused by different shrinkage in cooling is thereby partly re-

lieved, and causes as it were a crushing process in the metal of the
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finished gun. I have made experiments in Russia with cast iron bars

of one inch square, and about two feet long ; one bar was cast the

correct size, and one cast two inches square and phmed off ^ inch on
each side to one inch square. The lateral strength of the bars was
carefully experimented upon, and the bar cast the correct size was
found to be much stronger than the planed one. I have forgotten the

relative strength of the bars, but think it was somewhere about 25 per

cent, in favor of the 1-inch cast bar. I consider the subject of suffi-

cient importance to repeat the experiment, and hope to be able to give

a correct account of the same at a future meeting. In Russia I have made
rollers for rolling angle iron, ships' frames, keel gutters, and other

irregular forms, which rollers were cast so correct that when centred

in a lathe there was but a trifle to do with the tool. The mould was
turned in the flask with an iron sweep of the correct shape of the

roller, and no allowance made for turning or finishing the same.

Since my return to this country I have seen rollers moulded in a

similar manner by wooden sweeps at rhoenixville, Penna., where
about f ths of an inch was allowed for turning or finishing, just enough
to take away the most valuable part of the roller. The mould should

not only be formed by an iron sweep, but the blacking and finishing

of the same ought to be accomplished by the same instrument, when
the turning of the roller would become a mere grinding process with

sandstone or emery, and the most valuable part of the metal would be

retained for service. This is the principle upon which I would propose

to mould and cast large guns, and I believe it could be cast so perfect,

even with rifles, that it could be taken direct from the foundry into

service. The cooling process of large guns is of equal importance to

the form and selection of iron for the same. The Rodman process of

cooling the gun from the core I would employ as a hardening or chill-

ing process, and cool the gun similar to the Whitney car-wheel anneal-

ing process, for a time of say one day for each inch of the calibre of

the gun, or an 11-inch gun to be cooling 11 days, the time necessary

for the atoms of iron to comfortably locate themselves in relation to

one another. AVhen the gun is cooled down to about 400° Fahr., it

should be taken up, the muzzle closed with a wooden plug, to prevent

circulation of air conducting heat from the bore, and the outside of

the gun be evenly washed with or dipped into water, being careful

that no water gets into the bore and cool it down to the temperature

of the atmosphere. The object of this last cooling operation is to give

the metal in the bore a slight tensile strain, while that on the outer

surface would be slightly compressed ; then when the gun becomes hot

by firing, there would be the least strain in the metal by shrinkage,

and would constitute the strongest possible gun. Formerly, cast iron

guns were seldom turned, but cast finished ou the outside, though suf-

ficient care has not been taken in moulding them.
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A Cnmparison nf some of the Mefeorologicnl Phenometia of AvGVSr, 1862, u>;7^ f/wse

of AvtiVST, 1861, and uf the same month fur twklvk tjears, at I'hiludtlphia, Pa.
Barometer 60 feet above mean tide in the Delaware Kiver. Latilude 39° 57 ^ N.;

Longitude 75° lOi' W. from Greenwich. By James A. Kirkpatrick, A.M.

August, August, August,
1862. 1861. 12 Years.

Thermometer—Highest degree, 950° 91° 97-0°
" " date. Sth 5th 2 '5fi; 4 '59

" Warmest d ly—Mean, 87 67 85-2 87-67
" " " date, 9th 5th 9th, 1862
" Lowest degree. 54-0 54-5 47-0
" " date. 25th 14th 26th, 1856
" Coldest dav—Mean, 0617 625 59-0
" " "" date. 24th and 30th 13 th 26th, 1856
" Mean daily oscillation, 16-56 1684 16-07
" " " range. .3 89 3-94 3-79
" Means at 7 A. iM., 71-47 es^ss 70-27
" " 2 P. M., 82-93 79-52 80-82

9 P. M., 75-13 71-05 <3-33
" " for the Month, 76-51 73-15 74-81

Barometer—Highest—Inches, 30-099 in. 30-2 12 in. 30-255 in.

« " date. 24 th 2lst 20th, 1855
" Greatest daily mean press., 30 066 30-160 30-229
" " date. 24ih 21st 20 «& 31, 1855
" Lowest—Inches, 29-557 29608 29-356
« " date. 9th 13lh 20th 1856
" Least daily mean pressure. 29-588 29-661 29 388
" " date. 9th lOlh 20th 1856
" Mean daily range, •122 -098 -095
" Means at 7 A. M., . 29 829 29-9.2 29878

2 P, M., 29-796 29-896 29-850
9 P. M., . 29 818 29-910 29-868

«' " for the Month, 29-814 29906 29 865

Force of Vapor—Greatest— Inches, •939 in •841 in. 1-024 in.
" " " date. Sth 5th 1st 1854
" " Least—Inches, •290 -296 -268

« " date. 30th 15th 26 '56; 29 '59
" " Means at 7 A. M., •562 •602 •584

2 P. M., •524 •603 •591

9 P. M., •5S6 -612 •611
" " " for the month, •557 •607 •595

Relative Humidity—Greatest percent., 87' per ct. 92-perct. 100- per ct.
" " " date. 31st 29th 26th 1854
" " Least per cent, 30- 34. 27-

1st, 1860" « " date. 2d 15th
" " Means at 7 A. M., 70-5 83-4 76-8

2 P. M., 456 60-3 55-8

9 P. M., 65-4 79-3 73-4
" " " for the month, 60-5 74-3 6S-7

Clouds—Number of Clear days,* 10 7 10
" " Cloudy days. 21 24 21
" Means of sky cov'd at 7 A. M., 47-4 per ct. 69-7 per ct. 54-5 perct.

2 P. M., 58-7 63-9 59 6

9 P. M., 37-7 50-0 41 6
" " " for the month, 47-9 61-2 51-9

Rain—Amount in inches, 1-455 in. 2-864 in. 4-289 in.

Number of days on which Rain fell, 1- 12- 10-1

Prevailing Winds, s. 90° -ST. •m S 85°55' E -088 s83°28'w088

• Less than one-third covered at the hours of observation.
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A Comparison of the Summer of 1862, with that of 1861, and of the same season for
ELKVEN years, at Philadelphia, Pa. Barometer 60 feet above mean tide in the Dela-

ware River. Latitude 39° 57^' N. Longitude 75° 10^' W. from Greenwich.

Summer, Summer, Summer
1862. 1861. 11 Years.

Thermometer.—Highest degree, . 955° 95-0° 100-5°

" " date, . 7th July. Sth July. 21st July, '54.

" Warmest day—Mean, 87 67 87-8 91-3

" " " date, 9th August. 8th July. 21st July, '54.

" Lowest degree, 470 510 42-0

" " date, . 16th June. 6th June. 5th June, '59.

" Coldest day—Mean, 58-2 550 55.0
"

. « " date. 8th June. 6th June. 6th June, '61.

" Mean daily oscillation, 17-22 18 23 16-41

" " " range, 4-49 4-31 4-16

" Means at 7 A. M., 69-06 70-31 70-92
" " 2 P. M., 79-90 80-55 81-21
" " 9 P. M., 71-83 71-52 73 58
" " for the Summer, 73-60 74-13 75-24

Barometer.—Highest—Inches, 30-156 in. .30-2 12 in 30-281 in.

" " date, 4th July. 31st August. 14th June, '52.

" Greatest daily mean press., .30-142 30-160 30-251

date, . 16th June. 21st August. 13th June. '52.

" Lowest, Inches, , 29.375 29-505 29-182
'« " date, . 30th June. 20th July. 11th June,'57.
" Least daily mean pressure, 29-420 29552 29-262
" " date. 30th June. 10th July. 11th June, '57.

" Mean daily range, -117 -093 •096

" Means at 7 A. M., 29-770 29-832 29-848

2 P. M., . 29-742 29-801 29 817
" « 9 P. M., 29-759 29810 29 833
" " for the Summer, 29-757 29 814 29-833

Force of Vapor.—Greatest—Inches, •939 in. •841 in. 1-059 in.

" " " date, Sth August. 5th August. 30th June, '55.

" " Least—Inches, •180 •142 •142
" " " date. 16th June. 14th June. 14th June,'61.
" " Means at 7 A. M., •529 •552 •570
" " " 2 P. M., •513 •553 •578
" " '« 9 P. M., •559 •574 •600
" " " for the Summer, •533 •560 •583

Relative Humidity.—Greatest per cent., 97' per ct. 97- per ct. 100" per ct.

" " " date. 2d July. 20th July. 26Au.'54;6Je.'56

" " Least per cent. 30- 30^ 26^

" « " date, 2d August. 13th June. 23.Ty.'56;llJe.'60

" " Means at 7 A.M., 72-6 736 73-6

" " " 2 P.M., 50-3 53^3 54-1

« " 9 P.M., 70-2 73-7 71-5

" " "for the Summer 64-4 66-9 66-4

Clouds—Number of Clear days,* 21 days. 21 days. 26-2 days.
" " Cloudy days. 71 days. 71 days. 65-8 days.
" Means of sky cov'd at 7 A. M., 61-1 per ct. 61-1 per ct. 57-2 per ct.

2 P. M., 62-8 61-9 59-6

" " " 9 P. M., 46-1 491 42-6

" " " for the Summer 56-7 57-4 53-2

Rain—Amount in inches, 10 888 in. 10-175 in. 12-534 in.

Number of days on which Rain fell, 32- 41- 33-

Prevailing winds, 372°58' W-128J.561°23' w-156 3 73°10'wl56

* Less than one-third covered at the hours of observation.
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—

Pumping Engines.

EoR the supply of a pressing human necessity, for agricultural uses

and other conveniences, from the various sources furnished by nature

simply, or by nature and art, the mechanical skill of mankind has

been called into use, in hydraulic machinery, simple or complex, fromi

the days of the Genesis.

The various devices for raising water from running streams, ponds,

lakes, wells, or cisterns, which have been in common use, transmitted

from one generation to another, and placed on record by faithful ob-

servers, are studies of no ordinary interest and value. The single and
double buckets worked by a simple cord or by a pulley, by band or by
animals ; the various forms of the wheel and axle, and windlass ; the

primitive well-swape, which, in the new world as in the old, yet lifts

the "moss-covered bucket," dripping with benedictions to the way-

worn and thirsty ; the varieties of ancient norire ; the chain pumps
after their kind ; the wooden and metallic hand pumps of numerous

class :—these, with bellows pumps, persian-wheels, scoop-wheels, flash-

wheels, rocking gutters, inclined screws, all the classes of centrifugal,

rotary, and reciprocating pumps, et id omne genus, have well deserved

Vol. XLIV.—Third Series.—No. 5.—November, 1862. 25
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the elaborate attention paid them, by the scholars of past ages and by
those of the present in the field of modern and antiquarian research.

While the romance of life has had adequate development beside the

crystal wells and bubbling fountains, as the sacred writings and lite-

rary productions in our libraries abundantly show, the scientific litera-

ture of the present and past also shows, and especially in foreign

tongues, with what care the difficult study of hydraulic engineering

has been pursued, from distant ages. In the Italian, German, and
Trench schools, the writings and records of such men as Vitruvius,

Archimedes, Michellotti, Venturoli, Fischer, Eytelwein, Belidor, Du-
buat, De Prony, D'Aubuisson, and their numerous contemporaries

illustrate a profound appreciation of this most important department

of research, which also pervades the more modern school of science.

So far, then, as certain fundamental laws and doctrines in hydro-

dynamics have been discovered and defined, as linked with the princi-

ples of natural science, the student of the present day may well feel

as if much had been accomplished for him in this laborious field, and
may take it for granted, amid all the pretentional flashes of new theo-

ries, that nature cannot but vindicate herself; and these clearly de-

fined mechanical principles, which have come down to us with the

sanction of authoritative age, like the doctrines of an exalted religious

faith, may properly be valued and accepted as safe and infallible

guides, which have borne the test of continuous trial.

Ignorance, however, and perverseness, have the same effect in me-
chanical matters as in religious, and each generation attempts within its

limited period of action, in some directions, to controvert the accumu-
lated testimony of all its predecessors, in those cases where it is wil-

ful, or neglects this testimony in those cases where it is careless.

Hence, the common exhibition of endless repetitions of fallible expe-

riments, the constant re-invention of time-lost machines, the constant

debates, pro and con, over long established principles, and the la-

mentable hindrances to systematic progress, because age is denied its

prerogative of experience, and skepticism stumbles over the fallacy of

personal re-invention and re-research.

Beside the effect of this absence of mechanical faith, the rapid pro-

gress in perfection of machinery, and the demand for increase in me-
chanical power, has had a strong tendency to throw into the shade the

doctrines as well as the machines of past days ; and while we must
claim the universality and infallibility of principle, the correct appli-

cation of principles to the new motors of the age may admit consider-

able discussion, and open the way to considerable misapprehension.

And it is in this particular that the engineering student finds him-

self at a loss, in the applications of hydraulic motors to the prominent
uses and wants of the present day, as distinguished from the more
simple machines we have briefly noticed. To investigate the several

classes of pumping engines, with their numerous subdivisions, now in

use, for mining and water works purposes, and to determine the most
valuable, involves no little research.

While then it is plain that the records of the past are exceedingly
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Valilable on the score of doctrinal science, and by this we understand

a science built upon correct experiment and observation in connexion

with established general laws, it is much to be regretted that our re-

cords of actual Results, as developments of doctrine, should be so mea-
gre and imperfect. Too much of an engineer's life is spent in a round
of experiments, probably made numberless times before, or being made
by others, because no adequate records have been placed within his

reach. The want of proper communications of this kind is severely felt,

and a dignified profession falls short of the rank of a science, because

it is oral and traditional, rather than liberal and established, from the

neglect of its own members, who carry their acquirements into their

individual graves, and are buried with a miserliness which robs the

generation of their treasures. The growing disposition to more sys-

tematic publication is one of the good signs of the present day.

Another source of trouble arises from the fact, that too many of our
book-makers, and particularly of the English school, are not engineers

in practice, but mere collaborateurs, who get their information chiefly

by asking questions—not being qualified to sift truth from error, who
copy largely, and have no professional esprit. Of a large portion of

the text books, treatises, and other works extant, how many authors

are there entitled to rank as civil engineers. Like the institutions in

fashionable vogue, which assume to graduate boys under age with a
professional title, they are but blind leaders of the blind. But evils of

tiiis class and several others arise from the neglect of thorough-bred

civil engineers to form themselves in an institution of mutual alliance,

which we need not pause here to advocate.

The most casual glance at the state of pumping engine practice, at

present, illustrates the general need of a more definite and systematic

method. Engines of the most varied form and motion are not only to

be found in different localities, but may sometimes be noticed in the

same engine-house. In the city of Philadelphia, which has three dis-

tinct steam pumping supplies, three varieties of engines are at work
in one house, two in another, and on the opposite side of the river are

two more, different in class from either. In every direction, this class

of construction seems to be treated as a matter of experiment, and the

most extravagant outlays are sometimes made, with disastrous re-

sults; while the general standard of performance is unsatisfactory. It

is plain that there is much need of a better order of things in this di-

rection, and that the laws which govern pumping results with unalter-

able force, deserve a closer study and a more intelligent adoption ; and
it is equally plain that the present neglect of correct engineering over-

siglit in construction is a fault to be remedied.

It is with the hope, therefore, that a reference to certain leading

principles germain to this subject, which have been illustrated and
confirmed by years of experimental observation, may be of service,

that these papers are written. .

General Analysis.—The question which interests us here is not con-

fined to capacity for pumping, although capacity is important in its

place. In those excursions about the country, which are frequently
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seen, of commissioners who propose to decide questions of construction

for themselves, while they frankly admit their ignorance of hydraulics,

an engine at work is judged by its apparent power, its compactness

of form, its paint and bright-work, and the energy of its advocates,

and possibly its first cost. But the engineer understands, that while

very rude and cheap engines may be forced up to a large delivery, or

while engines may be tastefully decorated and finished, the true stand-

ard of judgment passes at once to those perfections in general design

and separate detail, by which annual economy in service and durabili-

ty may be best attained. It is a question of design, workmanship, and

coal combustion, as well as of water delivery ; a question of relative

duty at the steam-piston, of losses by friction and otherwise, and of

harmonious action with the column of water under motion.

These are not the standards by which pumping engines are often

built ; if they were, the curious multiplication of specimens around us

would not exist. Other standards are admitted, and private interest,

or political patronage, or culpable ignorance, or "much speaking,"

variously combined, influence boards of administration at the expense

of their constituents. Instead of entrusting a matter of this kind to

competent engineers, who will devise and adapt plans to the local re-

quirements without sacrifice of principle, the pernicious practice is

often adopted of advertising for plans, from which the board itself as-

sumes the prerogative of judgment, however crude or contradictory

the results. The adoption of an engine becomes a lobby matter ; facts

are falsified, reports and testimonies suppressed, and the result is ne-

cessarily injurious. It is mainly on this account that, however expen-

sive our water works machinery and engine houses, and however well

appointed, the standard of annual " duty" with us, falls far below that

of the half-enclosed, massive, and rude engines of the coal mines across

the ocean ; not from want of outlay, or defective strength and finish,

but from want of judgment in design and adaptation, and from neglect

of the lessons of experience.

A pumping engine is to be considered in three divisions, which cor-

respond with the usual division of its engine house into the pump
room, the engine room, and the boiler room. In this problem of en-

gine construction and performance before us, the pumps and main,

the engine, and the boilers, although working in direct combination,

are to an important extent independent in action, developing special

principles under distinct operation, Avhich afi'ect the total result. And
these principles cannot be neglected or perverted without injurious

influence of one part on the other. These divisions may be noticed in

this order

:

PUMPS AND MAINS.

In water works and mining practice we find the class of suction and
force lift pumps in general use, with various modifications of arrange-

ment, as to pistons, buckets, plungers, valves, and other parts, as we
also find various forms of mains in use.

There is a class of auxiliary steam pumps used for boiler feed, fire

engines, building purposes, excavations under water, &c., where ease
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of transportation, cheapness, compactness, and other special qualities

influence their atloption, and where durability, appearance, and econo-
my of use, are less important than in larger engines. These need not
be more particularly enumerated, since they are controlled by the

same principles vrhich govern the others, and are valuable for their

special departments only. And our reference, under the present di-

vision, to the larger pumps, after a notice of the rotary class, will

be directed to the general features of valves, suction, force lift, and
mains.

Botary Pumps.—The successive improvements which may be traced
tlirough the class- of water wheels as chief motors in transmittincr

power, in which the modern turbines are conspicuous, have also sug-

gested a reverse action, by which the wheels and turbines are changed
into pumps, of which many different patterns are now and have long
been in use, operating as suction and force lift pumps.

The laws of maximum useful effect, which have been very fully and
clearly demonstrated for water wheels, as types, apply to their re-

versed patterns, as to the form and arrangement of tlie blades, expe-
riment having demonstrated a large increase of the discharge with a
change from ordinary radial to properly curved arms, without increase

of power. The following abstract of an experiment by Col. Morin,
made at the Great London Exhibition, illustrates this point :

—

Form.
Revolutions Gals, raised Height Useful

per minute. ' per minute. raised. Effect.

Curved Vanes (Appold's), 792 1164 18 ft. 8 in. •649
4i 41 11 788 1236 19 4 •680

Inclined " 05°), 694 560 18 •394

" " . . 690 736 18 •434

Radial, <« 624 369 18 •232

" . . 720 474 18 •243

With tlie best form of pump which can be devised, useful effect is

controlled by velocity and lift, and the value of this motor is confined

to low lifts under excessive speeds. Experiments made on Appold's

centrifugal pump show a progressive per centage of work done, under

a lift of 5-5 feet, with a 12-inch pump, of 21-2 per cent, for 375 revo-

lutions, 51)-1 for 400, 71-9 for 495, an increase to 607 revolutions

giving 69-2 per cent. To raise water 67*66 feet, required a speed of

1322 revolutions ; and within their special range of application, 70

per cent, useful effect is all that can be claimed for the best motors of

this class.

The laws of form, however, have been much overlooked in those In

ordinary use, radial blades being common in practice. For bailing

large quantities of water from foundations in excavation, whei'e the

supply carries much sand and gravel, for wrecking pumps, and like

uses, the facility with which dirt, gravel, grain, &c., are passed

through these pumps is a strong point in their favor, while they have

no claim to merit on the ground of economy in power.
25*
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About ten years ago, some of our scientific journals were agitated

by a discussion of the merits of a new theory of centrifugal power,

•which proposed to regenerate the mechanical world, and overthrow

the antiquated notion that a machine could not transmit more power

than was imparted to it. It was claimed to be demonstrated at the

end of much printing, and was admitted by some of our puzzled sa-

vans, that by certain mechanical adjustments an increase of velocity

might generate a force of 173,824 foot-pounds from a power of 42,480,

and twice the velocity would yield 695,296 foot-pounds for 84,960.

But like all wonderful discoveries of the kind, which seem to lead a

comet-ary life, it has vanished in silence from the horizon of mecha-

nical science, to return no more, and to be numbered among the stame

and cloud engines, caloric steamers, water gasometers, full steam cylin-

ders, and other celebrities of the passing hour.

From the pertinacity with which some of our engine builders have

urged the necessity of an equable motion in pumping, Avhich we shall

notice more particularly under another head, we have been somewhat
surprised to see so much neglect shown to the rotary pump, which ac-

complishes their desideratum in the most perfect manner, and the fact

of such necrlect must be taken as a strong argument against the relia-

bility and economy of this motor.

l^ump Valves.—Among the more prominent kinds of foot and de-

livery valves used in pumping, are the "butterfly," "clack," and
" double-beat" varieties. The first are made of leather or metal, gene-

rally the latter, opening with two wings, on either side of the bucket

or plate to which they are attached. In heavy lifts, and in all cases

where the water column is apt to be disturbed, they are objectionable

from their manner of seating. In the Cornish mines, leather clacks,

sometimes divided into separate openings, are considered in some re-

spects preferable, on account of the effect of mineral water on cast

iron valves, and a better cushion in seating ; a valve of this kind in

common use, is arranged so as to lift its hinges a short distance,

giving a wider opening ; but the double-beat valve has undoubtedly
proved of great service in relieving the effects of concussion, and in

reducing friction in mine work. This valve, which is so arranged with

an upper and lower seat as to offer a minimum resistance to its lift,

with a maximum outlet when unseated, is being generally adopted in

water works engines, and fulfils its purpose admirably. The Brooklyn
engine is working two of 54 inches opening, and two of 36 inches,

under a lift equivalent to about 170 feet, and an enormous water de-

livery. The smaller valves play on the pump rods, and have wood
seats, vulcanized rubber seats, first used, being found unreliable ; the

buckets are packed with lignum-vitse, which has several advantages
over leather or metallic rings.

A valve has been introduced in the engine of the Hull water works,
England, which contains in 22 inches diameter, and in the form of a
pyramid, 56 small circular cells, of about 2-inch opening, in each of
which a gutta-percha ball is held, with a certain play. This arrange-

ment aims at a free delivery, with light valves, which can be easily
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replaced. Various forms of gratings have been adopted, with small

india-rubber flaps, but in cases of heavy work they are not found

durable.

For small pumps and moderate lifts, the use of "conical seat,"

" butterfly," " clack," or other light valves is admissible ; but in heavy
work it is important that the valves should give the largest possible

channel of delivery, should open freely, shoukl seat accurately, and

be heavy enough to work down near the seat before the return stroke

occurs. This feature of a pump deserves great care in arrangement,

and exerts an important influence on the engine, and is more fully at-

tained with the "double-beat" than any other valve. All valves

should be protected from accident on account of interception by chips

or other foreign substances, by carefully flooring the pump wells, and
placing copper wire screens on the entrances, at such distance from

the pumps as will obviate additional friction in supply. Flooring a

well is also of service in preventing the eifects of evaporation in the

engine room on the bright-work. Those who are curious to see the

operation of an umbrella over an engine, will find one in the engine

house of the New York Navy Yard, tlie idea being original with one

of the retired Commodores, and therefore not patentable.

Suction Lift.—It is customary to locate pumps rather with regard

to convenience of position or of foundation, than any special attention

to their action on the lower lift. It is considered a matter of little

consequence what their relative level to the well may be, the prefer-

ence being generally expressed for a short lift ; but there are certain

conditions of location, in all cases where location is not absolutely

controlled, which seems to reverse the correctness of this general prac-

tice in illustrating an ancient and overlooked doctrine.

The Torricellian theory, which is an established doctrine of natu-

ral philosophy, has demonstrated that if a vacuum be found in a tube

connected with a body of water, by virtue of atmospheric pressure,

the water will rise to such height as corresponds with its specific gra-

vity and a certain barometric state of the atmosphere, which height

is limited, in certain latitudes, to 35-1 feet, and is usually assumed at

33'8 feet, or an equivalent pressure of 14-7 pounds per square inch.

It is evident that if the base of such a tube is closed by a cock, and
the vacuum is made with an air pump, that the difference in atmos-

pheric pressure in a height of 38-8 feet is so slight in practice, we may
assert that it costs precisely the same mechanical work to produce
this vacuum, either at the base, the middle, or the top of the tube. If

the cock be opened, the tube is immediately filled, and the greatest

load which can be shown in it bv an indicator or vacuum gauLfe can-

not exceed l-l-T pounds per square inch. It is certain that this load

will be represented at the upper level of the water ; if the atmosphe-

ric pressure on the water surface of the well is the same, plus only

the difference due to 33-8 feet of its height of some forty miles, it is

evident that the same gauge will show the same load at the base of

the tube.

If, in consequence of rarefaction of the air contained in the water,
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or imperfections of the air pump or tube, the vacuum is imperfect, the

column of water will rise to a less height because the external pres-

sure is in part balanced; but in this case, the gauge will indicate the

difference in load whatever may be its position on the tube at the top,

the middle, or the foot, and for the reason that the column of water

is in equilibrio at each point of its elevation with the atmospheric co-

lumn which sustains it. The equilibrium would be instantly changed
if the lower valve of the tube were closed and the upper part opened
to the atmosphere ; in that case the atmospheric pressure would ba-

lance itself on the gauge, and at the middle or foot of the water col-

umn it would show a plus pressure, equivalent to the relative height

of water above its piston ; but so long as the tube is in vacuo, the

minus pressure will be the same at any point of its height.

If we take the case of a piston moving in such a tube with an open
top, packed air tight, and starting from the water surface, the water

will follow it to a height of about 33'8 feet, and the load on the pis-

ton can in no case exceed 14-7 pounds per square inch, which will be

its load at the maximum height. Now, if we reverse the analysis, we
find that if by any influence of dynamic laws, such a piston in motion

creates a perfect vacuum at any point below 33-8 feet, it is perform-

ing a certain amount of work in excess of the balance of the atmo-

spheric column, and is wasting power in proportion to its travel under

such vacuum.

All suction pistons work against an atmospheric load equivalent to

the perfectness of their vacuum, and are supplied by a column of wa-

ter lifted by an external, independent, counterbalancing force. If it

should appear, then, that the vacuum to be produced by pumping ac-

tion may be very seriously independent of the height of a pump, the

question of location becomes important in the matter of economical

"work, and it is essential to make the universal, superincumbent, atmo-

spheric load as useful as possible within its prescribed limits. The
whole argument of the Torricellian theory is in favor of high lifts.

On the other hand, the theory of present practice asserts, that in

all lift and force pumps, the piston bears a load equal to its area, and

the weight of a column of w;iter as higb as the difference of level be-

tween the surface of the well and the point of delivery, without spe-

cial regard to the relative height of the suction column.

We hold, then, that an important theoretical distinction is to be

made between the upper and lower sides of any lift and force piston,

in view of this law. The superincumbent load is represented by the

pressure of the atmosphere, the friction of valves, piston, and water

column, and the inertia of the latter, while the condition below the

piston is represented by the perfection of the vacuum produced. The
vena-contracta of the tube, valve friction, and inertia of the suction

column, affect its relative height and velocity of influx, and are to be

specially referred to the external atmospheric pressure which over-

comes them in its effort to equilibriate the controlling vacuum. Strict-

ly speaking, the mechanical work of such a piston is determined by
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its upper load entirely, if we include in it that part of the atmosphe-

ric load, unbalanced by the imperfections of the vacuum beneath it.

The mechanical effort of the atmosphere brought into action by the

pump, and measured by the pump vacuum, is exerted in overcoming

the inertia of a body of water, at each stroke, equivalent to the pis-

ton area and travel, and the attendant frictions of supply. To the

effects of such friction in loss of head, are to be added such losses or

counterbalances as occur from leaking joints, rarefaction of air in the

water column, barometric oscillations, and otherwise ; we have also to

make the stroke within the limit of height controlled by these losses,

so that the maximum lift cannot in practice be carried up to the theo-

retical level ; but the effects of this dynamic action, as we propose to

show, not only contravene the received theory of action, but evidently

justify a change of practice in certain cases.

All such pumps in established action work in more or less solid wa-

ter, and should not of course be started at speed until properly charged

above and below; precautions to this effect are always taken by care-

ful engineers; and therefore, so far as water supply is concerned, with

any full tube, and with a reasonable margin for the deductions of

height we have noticed, there is no more danger of loss of charge at

one lift than at another. This is not a serious contingency in any case

of proper arrangement and workmanship.

To illustrate this question, reference is made to

Plate I. of Suction Pump Cards annexed, in which three pumping
engines are represented, two of which are single-acting, and one-dou-

ble acting, with different speeds and lifts.

The first card is taken from a plunger pump under a head of 3'5

feet, when the plunger commences its lift ; but instead of showing an
equivalent load, the indicator opens with a vacuum of over 3 pounds,

which in the first foot travel increases to 6-25 pounds, the average
load of the stroke being 4*25 pounds, equivalent to 9-77 feet, although

the actual average lift is but 3 feet above the well. In this case the

plunger diameter is 30 inches, the suction valves, double-beat, 43 and
39 inches diameter, and the actual speed 94-5 feet per minute.

The second card is also from a plunger pump which rests 8-15 feet

above its well. Here the indicator opens with a load of 8 lbs., equi-

valent to 18-4 feet, which increases in the first foot to 10.5 lbs,, and
continues with an equivalent lift of 24-84 feet up to the seventh foot

of the travel. The average lift is 21-48 feet, the actual average lift

being 13-61. In this case the plunger is 34-75 inches diameter, with

a double-beat valve in the same barrel, and a speed of 64-3 feet per
minute.

In the third card, taken from a double-acting pump, the piston com-
mences its lift with a load of 7-5 pounds, equivalent to 17-25 feet, the
actual lift being 10-58. Before the first foot is traveled the load in-

creases to 9 pounds, or 20-7 feet ; the average load is 7-62 pounds or
17-52 feet, the actual average being 15-51 feet. In this case the diam-
eter is 36 inches, fed by double-beat valves of 36 and 54 inches, the
speed being 105-6 feet. The relative daily delivery of the engines of
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the second and third cards, was 3,287,860 and 14,418,641 gallons, un-

der total heights of 158-83 and 160 feet, through tubes of the same
diameter.

In the first card the conditions of free delivery to the plunger bar-

rel are exceedingly favorable, since there is a head of 3'0 feet, and
there are very large suction valves, with a short passage from the

forebay
;
yet, as we see, to start the column and maintain its flow,

required an initial load of 14*37 feet in addition to that of the head,

or about 16-37 feet at the first foot of travel. It was necessary, in

other words, to create a vacuum to this extent, under the special con-

ditions of work, and the inference is, that the entire extra lift thus

exerted below the plunger, is lost in useful efi'ect to the engine, which
has to repeat it on the forcing stroke.

In the second card we see that to effect the stroke supply, required

a maximum load of 24-84 feet, as distinct from the actual average lift

of 13-61 feet. Here is then a second proof that the pump is badly
located.

In the third card the maximum lift is 20-17 feet, the actual aver-

age being 15-51 feet; and the lesson taught in general is, the unques-
tionable advantage of a high suction lift, when we remember that the

forcing lift is dependent on the relative level of the pump to the dis-

charge.

This inference is correct on the basis that the indicator when at-

tached to a tube in vacuo, represents correctly the atmospheric eS'ort

to meet the demand of the plunger or piston, whatever its relative po-

sition to such piston. It will be seen, however, by reference to pub-

lished reports of pumping experiments, that the vacuum gauge is ge-

nerally treated as if under the same conditions as a pressure gauge.

At Philadelphia the card was modified by a deduction of 5 feet, equi-

valent to the water load and its level above the water, and at Belle-

ville, the relative depth of the vacuum gauge below the force-main

gauge, was credited to the pump. If the experts were correct, it is

still evident that the nearer the suction piston can be carried to the

level of maximum atmospheric balance, since the maximum load is

fixed at about 33-8 feet, the better.

Another consideration flowing from a very plain law is important

in suction tubes. It will be noticed in these cards, as in all other cor-

rect pump cards, in like principle, if not in the same degree, that the

common theory of relative load is reversed, since the maximum is en-

countered at or near the commencement of the stroke, when the plun-

ger is lowest, and the minimum at the point where the plunger is

highest. In the first card the final load is 4 pounds, in the second card
3-8 pounds, and in the third card 3 pounds, less than the maximum
initial load, instead of being regularly increased with increased lift.

This is the efi'ect of the vis viva of the suction column, which increases

in power from the moment in which the initial atmospheric impetus

overcomes its inertia ; and the curves in the line traced by the indi-

cator pencil, show the oscillations of this column, as afi"ected by diffi-
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culty or velocity of influx, and the promptness with which the initial

efiort is relieved.

This furnishes a second demonstration of the doctrine that the me-
chanical work of the piston is controlled chiefly by other conditions

than that of relative level above the well, viz : by the freedom of in-

flux to the pump chamber, and the dynamic movement of the column
started by the pump.

It is plain, then, that the maximum useful eifect of the suction side

of the pump piston, is determined by the greatest elevation above the

well consistent with the allowances due to barometric oscillations and
imperfections of mechanism, and that the character and operation of

delivery valves, form and length of supply tube, and speed of piston,

are of great consequence to such eff'ect. And it is also plain that the

most judicious arrangement of appurtenances may be vitiated by an in-

judicious location of the pump.
In the single-acting engines noticed, as in all others of their special

class, the steam-stroke of the engine makes the plunger lift, the re-

turn stroke being made under the pressure of a counterweight. Con-

sequently the suction valve must be closed when the return stroke be-

gins, and the vis viva of its column counteracted. Velocity cards, we
have taken from the Philadelphia engine, show a relative speed of the

ascent 18 per cent., hark 12 per cent., descent 70 per cent, of the en-

tire double-stroke ; at Belleville the descent was about half the speed

of the ascent ; but the speed is in neither case unfavorable to proper

action; in the first card tlie influx evidently anticipates the action of

the bucket. Here all the benefit of the vis viva of the column, at the

instant when the valve closes on it, is not only lost, but it tends to

increase the initial load on the return stroke by the force exerted to

close it before the delivery valve opens to the main.

But in the case of the Brooklyn engine, which is double-acting, and
in which the upper and lower pumps alternately relieve each other,

this effect is not lost, since the line of motion is not counteracted, and
the benefit is important as to the initial lift of the succeeding stroke

and as to the loss of action of the pump. The relative variations in

load are less than in the other cards, and were much improved in

smoothness of action by subsequent improvements to the engine,

which will be noticed under their proper head, and appear in the dot-

ted line marked Jan. 13th, 1860, a fact which is remarkable, when
the enormous difference in amount of water pumped in a given time is

considered.

It may also be observed, that since the atmospheric effort to meet
a vacuum produced by the abrupt motion of a piston, is retarded by
all the causes which obstruct a flow of water in tubes, and a loss of

mechanical effect occurs in this ratio, all contracted tubes, abrupt

bends, imperfect valves, and the like, are to be avoided, with all coun-

teractions in line of flow.

The general conclusion we present is this : that inasmuch as the

vacuum produced in practice by pump motion is always in excess of

the static load of an hydraulic column equivalent to its piston level,
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and inasmucli as the limit to this vacuum is fixed, the greatest mecha-

nical effect in suction will be realized by the highest upper centre of

piston stroke, consistent with perfection of workmanship and arrange-

ment, and that the conditions of action are different on different sides

of any suction and force lift piston, and are independent of the rela-

tive height above the well to a greater extent than is commonly as-

sumed.
Among other practical illustrations, which might be adduced on this

point if space permitted, the relative locations of engine condensers,

as to their supply wells, in stationary engines, and as irrelevant to

the perfection of their vacuum, will be sufficiently familiar and sug-

gestive.
(To be Continued.)

Strain on Arches and Suspension Chains.

From the London Artizan, August, 1862.

(Continued from page 343.)

In the foregoing sections of this treatise, we have given means of

reducing the various strains to which structures are subject to direct

Strains, either in tension or compression.

In the present section we purpose investigating the resistance of

materials to the various strains, and affording the co-efficients of stress,

for the various descriptions of strain.

That strain which tends to shear or cut the materials transversely,

has not yet been treated of, because of its extreme simplicity; thus it

is evident, that the greatest shearing strain on a girder is that pro-

duced by the re-action of the supports, and the least shearing strain

is at the point of the maximum horizontal strain, where it is nothing,

and from which it increases to the maximum, in direct ratio to the

distance from the point of greatest horizontal strain; let w represent

the load per lineal foot on a girder, and let it be required to find the

shearing strain at a point distant x feet from the point of greatest ho-

rizontal strain; then, if

5 =^ the shearing strain,

6= wx.
The resistance to torsion or twisting is called unit operation, in all

kinds of shafts for driving machinery, in drills, boring bars, &c.

Friction adds something to the resistance of riveted plates ; but as

this kind of efficiency may vary very considerably according to cir-

cumstances, and is also liable to deterioration, we shall not lay down
any rules for estimating it. The co-efficients of safety will supply in-

formation as regards the stress which may be safely applied in prac-

tice.

Resistance to Tearing.—If a cylindrical or prismatic bar, whose
sectional area is a, is subject to a pull whose resultant acts along the

axis of the bar, and whose amount is w, the intensity of the strain, or

w
the strain per unit of section will be = —

. The first effect of this
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Btrcss is to produce an extension of the bar, and if this extension does

not exceed the limit of elasticity, the bar will recover its original form

and size when the load w is removed ; if the elongation proceeds be-

yond the limit of elasticity, a permanent set is produced and the

strength of the material is deteriorated ; and lastly, rupture of the

bar is effected, the weight which produces it is termed the breaking

weight, and is usually taken at per square inch of sectional area.

A sudden pull on a bar produces twice the strain that the same
weight will effect when applied gradually, as the work performed_by

AV .

the constant force -^ acting through a given space, is the same with

the work performed through the same space by a force increasing at

a uniform rate, from o to W.

Tensile resistance is also that which vessels subject to interior pres-

sure oppose, such as water pipes, boilers, &c. ; the formula previously

given will apply to water pipes and other cylindrical vessels.

Let S= tensile strain per sectional square inch,

r = radius internal.

j>= internal pressure per square inch.

t = thickness of the material in inches.

Then, ^= ^T'

For spherical vessels we have, if

w = total force.

A = sectional area,

rt -= 3-14159, &c.

s =— ^^TTfi ^ence spherical vessels are twice

as strong as cylindrical ones.

The last equation will also give the longitudinal strain upon a
cylindrical vessel ; but as this is only half the circumferential strain,

it is not taken into consideration in practice. It maybe here observed

that a sphere is the form best suited to resist internal pressure, as it

has a maximum content, with a minimum surface, and if other forms
are used it is found necessary to stay them internally with tie bars

;

cylindrical boilers only require the ends to be stayed, but square boil-

ers require staying in all directions, and even then are not safe for

very high pressures.

Resistance to Crushing.
—

"We shall obtain the intensity of crushing

stress by the same formula as is used for the tensile stress. The re-

sistance to compression is exactly similar to that for tension, so long
as the results of bending or buckling are not produced, and the for-

mula for tensile strains will apply to compressive strains, in the ab-

sence of these results ; thus the forraulre given may be applied to cast

Vol. XLIV.—Thibd Series.—Ko. 5.—Notembee, 1862. 26
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iron columns, wliose lengths are small compared with their diameters;

also to cast iron pipes, condensers, air pumps, &c., subject to external

pressure, but they do not hold good for less rigid materials, such as

"wrought iron.

The resistance to compression which is offered in bridge girders, &c.,

may be considered as unaffected by bending, &c., provided that they

are well braced and of a rigid form.

We shall now proceed to consider the resistances opposed to com-

pressive strains by long columns, and by their tubes.

Besistance of Pillars to Crushing.—Columns usually break, not by

the direct crushing force, but by bending, which subjects them to

strains similar to those produced by transverse stress, and generally

rupture commences by fragments splitting off from the compressed

side of the column.

Very short columns break by an oblique shearing action, or the

sliding of one part over another, and occasionally two cones or wedges

are formed which, being forced together, split and drive outwards the

parts surrounding them.

We now proceed to the case where crushing takes place by bending.

Let W= tlie load acting on a long pillar or strut.

A = its sectional area.

w
Then one part of the intensity of the greatest stress is p'=~ , where

p' equals the stress per sectional unit.

Another part of the greatest stress is that which arises from lateral

bending, and which will occur in that direction in which the pillar is

most feasible, that is to say, in the direction of its last diameter, if the

diameters are unequal.

Let d be that diameter, d^ the diameter at right angles to it ; let I

be the length of the pillar, and v be the greatest deflection.

Then the moment of flexure =wv, the greatest stress produced by
that moment is directly as the moment and inversely as the breadth

w V
and square of the thickness, if, p" = c X , w- where c is a constant

to be determined by experiment.

But the greatest deflection consistent with safety, is directly as the

square of the length, and inversely as the thickness, and d^ d'^ is pro-

portional to the sectional area s, and to the thickness d^; consequently

w P P

and the whole intensity of the greatest stress on the material being

made equal to a co-efficient of strength /, is expressed by the equa-

tion

—

/==y+y/= ^
(l+^^j-^)
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and tlie strength of the pilLar is expressed bj

w
l + .X-p

A pillar rounded at both ends is of the same strength as a pillar of

the same diameter, and twice the length ; therefore, for this column,

VFe have

/s
w

1+4. x|
A pillar fixed at one end and rounded at the other, is a mean be-

tween the strengths of two similar pillars—one fixed at both ends and

the other rounded at both ends. The following are the values of c and

/, computed by Mr. Gordon, from Mr. Hodgkinson's experiments on

pillars with flat capitals and bases. These values give the ultimate

strength of the pillar.

f lbs. per inch.

Wrought iron, . . 36,000

Cast iron, . . . 80,000

"We will now consider Mr. Hodgkinson's formuljB, which being de-

duced from actual experiment, are, perhaps, the most valuable. The
results of the experiments are :

—

1. That in all long pillars of the same dimensions, the resistance

to fracture by flexure is about three times greater when the ends of

the pillar are flat than when they are round.

2. The strength of a pillar with one end round and one flat is an

arithmetical mean, between the strengths of pillars with both ends

flat, and rounded. Thus, of three cylindrical pillars, all of the same

length and diameter ; the first having flat ends, the second one end

flat, and one round, and the third with both ends round, the strengths

are nearly as 3, 2, and 1.

3. The strength of a pillar is increased about one-eighth by enlarg-

ing its diameter in the middle.

4. The index of the power of the diameter, to which the strength

of long pillars of cast iron with rounded ends is proportional, is 3-76

and 3-55 in those with flat ends ; or the strength of both may be taken

as following the 3-6 power of the diameter.

5. The strength of cast iron pillars is inversely proportional to the

1-7 power of the length. Thus the strength of a solid pillar of that

J 3.6

material varies as, where d represents the diameter, and I the

length of the column. If d is in inches, and I in feet, for columns

with flat ends.
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Strength in tons = 44-16 X

For columns 'witli rounded ends,

Strength in tons = 14-9 X

For hollow columns, of which

D= external, and cZ= internal diameter,

For those with flat ends,
,

d3.6_^3.6
Strength in tons = 443 X

For those with round ends,

C 3 6_^ 3 6

Strength in tons = 13 X

Strength of Short Flexible Pillars.—The ahove formulae apply to

all pillars whose length exceeds thirty times the diameter ; for pillars

shorter than this it will be necessary to modify the formula, since in

these shorter pillars the breaking weight is a considerable proportion

of that necessary to crush the pillar.

When the pressure necessary to break the pillar is very small, on

account of the greatness of its length compared with its lateral dimen-

sions, then the strength of the whole transverse section will be employ-

ed to resist flexure; when the breaking weight is half what is required

to crush the material, one-half the strength may be considered as

available for resistance to flexure ; when the breaking weight is half

what is required to crush the material, one-half the strength may be

considered as available for resistance to flexure, the other half being

employed to resist crushing; and, when, through shortness of the pil-

lar, the breaking weight is very nearly equal to the crushing force,

we may consider that no part of the strength is applied to resist

flexure.

We may separate these cfi"ects by taking in imagination from the

pillar by reducing its breadth as much as would support the pressure,

and consider the remainder as resistance flexure to the degree indi-

cated by the previous rules.

Let c be the force that would crush the pillar without pressure ; d
the pressure which would break it by flexure alone; b the breaking

weight as calculated for long pillars
; y the real breaking weight.

If we suppose a part of the pillar equal what would be crushed by
the pressure d, taken away, we have c— (^= crushing weight of the

remaining part, and ?/— d the weight actually laid upon it, whence

7/ ^— d= the part of this remaining portion Avhich has to resist crush-

fi (2 c— II

ing, .*. 1

—

' 1= ,=: the part to sustain flexure.°'
c— d — d ^

But the strength of the pillar, if rectangular, may be supposed to

be reduced by reducing either the breadth of the computed strength,
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to the degree indicated by the last fraction. In circular pillars this

mode is not strictly applicable, but we obtain a near approximation

to the breaking weight y, by reducing the calculated breaking weight

c in that proportion.

Whence b X i^V^ the strength of a short flexible pillar h, be-

ing that of a long one, .*. b c— by= cy— dy,

, he
and V=i—

^

—7
^ b-\-c— d

In columns whose length is less than thirty times their diameter,

with flat ends, there was noticed a falling off of strength due probably
to incipient crushing, and the weight which produced this incipient

crushing was about a quarter of the crushing weight. It is, therefore,

assumed, that the greatest load to which a column may be subject,

without injury by crushing, is a quarter the crushing weight, when
the length of that column is about thirty times the diameter.

We shall have therefore d = \m the preceding formula, whence in

cast iron of the kind used in the experiments (Low Moor, No. 3),

be

b+^
The experiments on the absolute crushing strength of iron from

which to determine the value of c, gave as the mean strength of one
square inch section, 109,801 lbs. =49*018 tons.

On some recently executed Beep Wells and Borings. By George K.
BuRNELL, C.E., F.G.S., F.S.A. Read before the Society of Arts.

From the Civ. Eng. and Arch. Jour., March, 1862.

(Continued from p. 229).

Some interesting artesian wells and borings have also been executed

in various parts of England and of the continent, to a few of which I

propose to return hereafter, but in the meantime I pass to the descrip-

tion of the great work lately completed at Passy, as being the one

which has attracted the most univei'sal attention. When the great

works of the Bois de Boulogne were commenced, it was soon discover-

ed that the pumps of Chaillot would not be able to furnish the quan-

tity of water required for the lakes and waterfalls of the new park

;

and the municipal council of Paris, encouraged no doubt by the com-
mercial results of the previous operation at Grenelle (which had even-

tually cost the sum of ,£14,000, and repaid its cost several times over),

resolved to execute a second boring to the lower green sand, in order

to secure an independent supply. It was originally proposed to exe-

cute this well of the same dimensions as that at Grenelle, that is to

say, to finish with an eight inch bore ; but before it was commenced,
M. Kind, a German engineer (who had already carried out some very

26 •
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important works upon a system, and by the aiil of tools patented by
himself) oflfered to contract for the new well, to finish with a bore of 2

feet in diameter, and to deliver the water at 92 feet above the level of

the ground, at the rate of nearly 3,000,000 gallons per day. He un-

dertook to complete the work for the sum of ,£14,000 within the space

of two years. After some opposition, based principally on the doubts

expressed by engineers who had been consulted on the subject, with

respect to the increased delivery over that of the well of Grenelle, this

offer of M. Kind's was accepted, and on the 23d December, 1854, the

vote of the municipal council in favor of the contract with him was
passed. The work was commenced shortly afterwards, and by the 31st

of May, 1857, the boring had already reached the depth of 1732 feet

from the surface, when suddenly tlie upper portion of the tube lining

collapsed, at a distance of about 100 feet from the surface, and choked

up the bore hole. This accident delayed the completion of the work
for three years, and led to the rescinding of the contract with M.
Kind ; but the engineers of the city of Paris were so satisfied with his

zeal and ability, that they entrusted to him the conduct of the remain-

ing works. A new well was sunk to a depth of 175 feet 4 ins., and

the boring was then cleaned out and resumed. Much trouble was en-

countered in traversing the strata below the distance of 1732 feet

above quoted, and at length, at the distance of about 1894 feet from

the surface, the first water-bearing stratum was met with, but the wa-

ter, after several oscillations, did not rise to the level of the ground.

The boring was continued below this level, until, on the 24th of Sep-

tember, 18(31, at midday, at the depth of 1923 feet 8 inches, the true

artesian spring was tapped. When this spring rose to the surface it

discharged at the rate of 5,582,000 gallons per day. The yield has

since then oscillated, but so long as the column had not been raised

above the level of the ground, the total quantity does not seem to

have fallen short of 4,465,000 gallons. The well of Grenelle (which

by the way had been falling off in its yield for some time before the

completion of the Passy boring, no doubt on account of some obstruc-

tion in its ascensional tube, but which for several days before the 24th

Sept. discharged regularly 200,000 gallons per day,) fell in about 30
hours after the Passy spring had been tapped, to a yield of about

173,000 gallons, at which rate it remained stationary, until the tube

of the Passy boring was raised so as to allow the water to stand at the

same height in the two wells, when the original rate of delivery of the

Grenelle well was resumed, but the rate of delivery of the Passy well

fell to 2,000,000 gallons per day. It is intended eventually to cause

the column of water of Passy to rise to a height of 1977 feet above

the bottom of the boring, or about 54 feet above the surface of the

ground. The horizontal distance of the Passy Avell from the one at

Grenelle is about 3830 yards ; and it will be observed that the water-

bearing stratum is nearly 100 feet nearer the mean level of the sea at

Grenelle than it is at Passy, whilst the surface of the ground is about

35 feet higher at the latter locality than it is at the former one.

Unquestionably the effect produced upon the respective sources of

I
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supply, by the alteration in the heights of the columns of water, proves

that the wells of Passy and of Grenelle are fed from the same stratum
;

and there can be no reason, therefore, to suppose that wlien the Passy
spring shall have cleared its water passages there should be any dif-

ference in the qualities of the waters at the two places. M. Peligot

has carefully analyzed the Grenelle waters, and he found that they

contained 0*00014'2 of saline matters, composed principally of the car-

bonates of potash, lime, and magnesia, associated with a compound of

sulphur and of soda of variable proportions and conditions, and with

the carbonate of the protoxide of iron and silica. The salts of the sul-

phate of lime, or of the more permanently insoluble description, are

absent, and it would appear that the gases diffused through the water

are of considerable volume, the carbonic acid gas being one of the

most so. There is a sensible evolution of sulphuretted hydrogen from
both the wells of Passy and of Grenelle, and it is worthy of remark
that the same gas is given off from the water in Mr. Gatehouse's well

at Chichester, though in the latter instance the smell is sufficiently

strong to render the water positively repulsive. At the present day
the water at Passy is still foul, on account of the matters it brings up
in suspension ; but as in the case of the Grenelle well, this inconve-

nience will no doubt soon disappear. The temperature at which it

reaches the surface is identical in the two wells, and is about 82°

Fahrenheit.

It may be worth while to call attention to the mechanical means
adopted by M. Kind in sinking a boring of the large diameter of 2 ft.

4 ins. to the enormous depth of nearly 2000 feet from the surface.

The work was commenced by a shaft, as usually is the case, and after

it had been sunk to a depth of about 50 feet the boring commenced,
and was continued with as nearly as possible the same diameter to the

bottom, M. Kind employed for this purpose what may be called rods

with releasing joints, very closely resembling the joints introduced by
(Euyenhausen, which allowed the cutting portion of the tool to be

raised a certain height and then to be released automatically; this ar-

rangement Avas adopted in order to avoid the lashing of the sides of

the bore by the long rods, and to regulate the force of the blow. The
cutting tool used by M. Kind also differed from the tools generally

employed, for it consisted of a single or a double trepan, according to

the nature of the ground, instead of the ordinary chisels and augers.

A patent was taken out for these tools by M. Kind in 1854, the spe-

cification of which contains a series of entrravincrs of the various mo-
difications proposed for the various kinds of rock ; in the Annuare
Scientifique for 1861 illustrations will also be found of the ordinary

trepans and of the slide joints. M. Kind is able, by these combina-

tions, to strike as many as twenty blows in a minute with the greatest

regularity at a depth of 2000 feet. The patent of 1854 specifies also

certain methods of lining the sides of the borings ; but it must be con-

fessed that they do not seem to me to possess any great merit, and
indeed M. Kind had more difficulties to encounter at Passy from the

collapsing of his tubes than from any other cause. It is a common
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error of well-borers to undervalue the effort exerted by clays swelling

when charged with water ; and the great delays encountered in sink-

ing the Passy well were precisely caused by the false economy intro-

duced in the execution of the tube linings. The time actually employed
in sinking the Passy well was nearly the same as that employed at

Grenelle ; in the former instance it was 6 years and 275 days, in the

latter it was 7 years and 90 days. The cost of the Grenelle well, as

above stated, was £14,000; that of the well at Passy was .£40,000;

but it must be observed that the quantity of water, delivered at the

same height in the two cases, is ten times greater at Passy than it is

at Grenelle ; the rates of delivery are, in fact, nearly in the direct

ratio of the diameters.

I have not been able to learn whether the artesian wells of Elboeuf

and of Rouen have been affected by the completion of the new well at

Passy, and at present I am inclined to believe that they may escape

this action, on account of their proximity to the entering ground of

the lower green sands, on the western margin of the cretaceous basin.

At Tours, however, so many wells have lately been sunk (in an early

edition of M. Degousse's excellent " Guide du Sondeur," that gentle-

man mentions that he himself had executed no less than 16 of them),

that tlie subterranean supply is becoming exhausted, and, as in the

case of the wells supplied by the basement beds of the London clay,

the lower green sand wells are gradually losing their artesian charac-

ter. In two wells also, at Evres and Ferrieres, the subcretaceous form-

ations yielded no water : and in the latter the bore was even carried

to a depth of thirty feet in the great oolitic, or Jura limestone series,

•without obtaining a supply. I call especial attention to this fact, be-

cause it illustrates again the uncertainty at all times overshadowing

the execution of the first deep wells in a particular district, and that

the stratum which yields water in one locality is likely to be unable to

do so in another. The enterprising gentlemen who are engaged at the

Hastings well should bear this fact in mind ; and though I believe that

after they shall have traversed the lower members of the Wealden se-

ries, they are more than likely to find the upper or Portland oolite,

which is of sufficient water-bearing power to insure them a good sup-

ply of water, they must also be prepared for disappointment. The
Hastings well is already 553 feet deep, still in the Hastings beds, and
as these have never yet been traversed, it is impossible to say whether

they will be found to be seven or seventeen hundred feet thick. Most
probably the former guess will be found to be the more correct, be-

cause the town of Hastings is situated at a low horizon in the series of

Weald beds ; but all operations of this description at Hastings must
for the present be conducted in doubt as to the ultimate result, how-
ever strong may be the hopes of success. The character of the strata

already traversed and of those likely to be met with at Hastings, leads

me to believe that M. Kind's processes would be particularly applica-

ble there, but the success of such an operation would still be a mere
matter of speculation, such as ought to be left to private enterprise.

I dwell a little on this point, because the Board of Guardians of

1
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Brighton are engaged upon a similar experiment, at a place called the

Warren Farm, near that town. It is not my place to criticize the mode
of execution adopted in carrying on this work, but I cannot refrain

from saying that there are many things about it which seem to me to

be in opposition to the opinions now entertained by scientific engineers

;

and 1 gravely suspect that, even if water from the subcretaceous form-

ations should be olitained at this well, it cannot by any possible chance

rise near the surface, which, at the Warren Farm, is not less than 410
feet above the mean tide level. It is inexplicable to me also, that this

well should be continued by means of a shaft at the great depth al-

ready reached, instead of by means of boring ; and I regret bitterly

to see an experiment, which has been carried on hitherto with so much
spirit, compromised by what I consider the mistaken course latterly

adopted. At Brighton, nevertheless, the only chance of securing a

supply in the parts of the chalk basin lying beyond the influence of

the faults or " cross throws," which have, for instance, enabled the

Water Works Company to obtain, as is said, one million gallons per

day, is to penetrate the chalk to the lower green sand. Notwithstand-

ing the cost of the previous experimental borings in the surrounding

counties, I am convinced that the cheapest manner of effecting this

object would have been to have bored, rather than to have sunk a

shaft, and even now the Guardians would do wisely to adopt this

course, especially as theirs is really the first experimental shaft or

boring on the east bank of the Arun. It is, however, a sad peculiarity

of the municipal bodies of England, that they are always disposed to

listen to those whom it is the fashion to call "practical," in contra-

distinction to "scientific" men, as thou<:h the mere fact of workino;

"by rule of thumb " gave men truer insights into the laws of nature

than long study and careful observation. At Brighton this seems em-
phatically to have been the case, and in a report addressed to, and
received by, the Board of Guardians, the opinions of three practical

well-borers are quoted as to the probable cost of continuing the well

at Warren Farm, but no opinion seems to have been asked from such

men as Mr. Hawksley, Mr. Mylne, or Mr. Homersham, who have
brought great experience and deep study to bear on the hydrographi-

cal conditions of this district on other occasions. It is one of the

fashionable theories of the day that a scientific education incapacitates

a man for the exercise of a profession, and that the most able men in

any branch of art or science are those who have not been brought up
to pursue it. Under these circumstances it may not be surprising, how-
ever unfortunate it may be, to find empiricism preferred to science, or

that the Brighton Guardians should avoid taking the opinions of really

eminent engineers.

In stating, in the previous part of this paper, that I should return

to the question of the abnormal beds met with at Highgate, I had
especially before my mind's eye the case of the well sunk under my
own orders at Warnham Court, near Horsham ; and at Bed Hill, by
my friend Mr. Docwra. In the former case, the boring, after it had
been carried through the sandstones, clays, and shales of the upper



310 Civil Engineering.

Wealden deposits, passed at a depth of 142 feet from the surface into

a bed of red clay and sandstone intermixed. At first, I believed, from

the external characters of the materials, that they were of the same
nature as the beds found at the bottom of the Kentish Town well, and
I was supported in this opinion by several distinguished geologists to

whom I showed the samples. As the Kentish Town beds were, at the

time I refer to (about five years since), universally considered to be

members of the new red sandstone series, of course I regarded the

Warnham bed as one of the same range. But Mr. Docwra, at Red
Hill, after he had traversed the sands and loams of the subcretaceous

series to a depth of 438 feet, passed into a bed composed of red clays

and particles of red sandstone, which were identical with the Warn-
ham beds, and with some members of the Wealden series. It seems,

therefore, to me to be very probable that the Kentish Town beds may
be members of the Wealden series, but the solution of this question

has simply a geological interest, for alike, the Weald clays and the

new red sandstone clays, are without water ; and, under these cir-

cumstances, the wisest course to be adopted was to stop the further

progress of the works in all such cases as Warnham and Red Hill,

unless they were carried on distinctly as philosophical experiments.

The well at Rugby, though it has proved to be, no doubt, a source

of annoyance and disappointment, may eventually turn out to be of

importance to the commercial interests of the locality. It was com-
menced with the hope of finding in the new red sandstone series under
the lias, some water-bearing strata which might be able to furnish a

supply to compensate for the deficiency under which the town of Rug-
by was suffering, after it had been put to the expense of carrying out

the absurd crotchet of the so-called "gathering grounds " system. A
boring has here been carried down to a great depth in the new red

sandstones of the triassic group, which, at Liverpool and Birkenhead
for instance, frequently supply large quantities of water. At Rugby,
however, the boring at present has only yielded a brackish water, and
I suspect that now all hopes of securing the result desired by the

Local Board of Health by this well must be abandoned, unless the

Board determine upon tubing the bore-hole throughout its length, and
upon continuing to sink to a much greater depth. It is possible that,

within a moderate distance from the bottom of the present well,

stronger brine springs than those now brought to the surface may be

found, which it would be possible to evaporate economically for the

purpose of salt making ; but a very careful comparison between the

strata of this locality, and of those near Derby or Droitwich, would be

required before any decided opinions could be formed as to the proba-

bility of finding soft water within a reasonable distance from the sur-

face at Rugby.
The well at Great Yarmouth, executed by Sir E. Lacon & Co., is

of interest, on account of its showing the great depth attained by the

tertiary strata on the east of England ; but, unfortunately for the spi-

rited proprietors, the results, so far as water supply is concerned, have

been "negative." The depth of the tertiaries here was found to be
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627 feet, and the first 170 feet of this thickness were composed of re-

cent estuarine and blown sand, deposits of very recent formation. At
Norwich, the Messrs. Colman are steadily pursuing an experimental

boring, which has already passed through the chalk to a depth of

1158 feet, the upper green sand to a depth of 8 feet, and the gault to

a depth of 30 feet ; the works have been suspended in this formation

on account of some accident to the machinery, but when this shall

have been repaired they will, no doubt, be resumed. It may be neces-

sary to descend 150 feet lower before reaching the water-bearing stra-

tum, but the comparative success of Mr. Lankester AVebb's well, at

Stowmarket, affords good reason to hope that Messrs. Colman's perse-

verance will ultimately be rewarded. I do not anticipate, however,

that the water will overflow the surface, because the lower green sand

is traversed by one of the affluents of the Ouse, near Downham Mar-
ket, at a comparatively low level.

In a paper which I had the honor of reading in this room last year,

I alluded to the very successful borings made by the Kent Water
Works Company, in the Ravensbourne Valley, and this evening I am
enabled to lay before you a section showing the strata they traversed.

One reason for my doing so is, because I have heard that some parties

propose, as I said in the opening paragraph of this paper, to sink ar-

tesian Avells near London for the supply of the metropolis ; and I think

it desirable to state for their guidance, that unless they meet with the

peculiar conditions of the faults of the Ravensbourne Valley, they are

not likely to obtain a large supply of water from the chalk on the

north side of the Thames, whilst there is no chance whatever of their

finding water below the chalk. There are, no doubt, copious and beau-

tiful springs given off from the head valley of the Lea and the Coin,

both of which rise in, and are ferl by, the chalk ; but those springs

may, in almost all cases, be shown to be connected with some geologi-

cal disturbance of the strata : and the only locality near London where
there seems to me to be any chance of obtaining a large quantity of

water from the chalk, would be on the left bank (or the west) of the

river Lea, somewhat to the north-east of Stratford, because there is

about that district a line of disturbance in the chalk parallel to the

great fault which brings to the surface the springs lately tapped near
New Cross, and those of Grays in Essex.

Finally it must be evident to any one who reads attentively the re-

cords of the success and of the failure of the attempts above mention-
ed, that the execution of artesian wells is an operation which should

only be entrusted to skilful and well-tried men, acquainted with the

theory and practice of this art. No such work should be commenced
without a careful preliminary survey of the geological and hydrogra-
phical conditions of the country extending over a very wide range.

This is seldom done, because public bodies, in England at least, do
not seem to object to pay for engineers' blunders and miscalculations,

but they do object to pay for their study; and it is at once assumed
that because artesian wells have succeeded in one case they must
succeed in all. But even when the greatest amount of skill and sci-
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ence have been brought to bear on the preliminary investigations for

the establishment of an artesian well, it is impossible to predict with

any certainty what the result of sinking a shaft or a boring may be in

a stratum hitherto untried. Moreover, every artesian source of supply

is limited in amount, and even in the case of the Paris basin, it would

be desirable to watch the effects of the increased draft upon the lower

green sand during a dry summer, especially before commencing, as

has been pi'oposed, the execution of a large number of wells like those

of Passy and of Grenelle.

The student who may desire to obtain a complete view of the sub-

ject thus briefly referred to, would do well to consult the works of

Messrs. Prestwich, Mylne, Clutterbuck, Homersham, Degoussee, Bu-
rat, Hericart de Thury, Garnier, &c., the Transactions of the Institu-

tion of Civil Engineers, the Comptes Rendus of the Academic des

Sciences, and of Les Ingenieurs Civils of France. I am myself under

great obligations to Messrs. Hawksley, Lockwood, Wells, Chamber-
lain, Docwra, Prestwich, Morris, Snyder, and others, for the sections

and information so liberally supplied to me.

I may here add, that in the number of La Presse Scientifique, for

Jan. 16 of this year, I find a notice of a well lately sunk at Colum-

bus, Ohio, U. S., which is not less than 2575 feet deep. The thermo-

meter (on the system invented by Mr. Walferdin) registered a tempe-

rature of 88°
; this would seem to show that the law of the increase of

temperature is rather slower in Ohio than it is near Paris. No parti-

culars are, however, given of this important boring.

The Economic Construction of Crirders.

From the Lond. Civ. Ens;, and Arch. Journalj July, 1862.

(Continued from page 239.)

Girders of great Spans.—It was our intention to have given in the

present paper some general account of the principles to be employed

in investigating the economic merits of girders of spans so great that

most of their strength is absorbed in supporting their own weights

;

and we naturally chose the Conway Tubular Girder Bridge as an ex-

isting example with which to compare the results for other methods of

construction ; for as that bridge has only one large span, the calcu-

lations were free from the complications which continuity over the

piers would introduce, and Mr. Edwin Clark's descriptive work afford-

ed us that complete insight into its construction so necessary for our

purpose.

But a careful examination of the stresses acting on the material of

the Conway tubes has led us to the conclusion, that these stresses are

far in excess of what has on every hand been considered judicious.

In no case has it ever been thought prudent to place the material of

a bridge under a greater stress than one-third of that which would

break it; but the result we have arrived at in the case of the Conway
tube is, that were it loaded at the rate of one ton per foot run, in ad-
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dition to the bare weight of the tube itself, and at the same time sub-
jected to the effects of a wind-storm equivalent to a force of 30 pounds
on the superficial fpot; then, taking the most favorable view of the
action of the parts, the stress per inch would be fully one-half of that
which would cause rupture.

Impressed with the importance of the subject, and, with a view also

to urging the adoption of a means of partially remedying this unsatis-

factory proportion of the stresses, we make the strength of the Con-
way tubes the subject of our present paper

;
postponing to our next the

more general treatment of the subject of girders of great spans.

THE STRESSES ON THE CONWAY BRIDGE TUBES.

"We take the standard work of Mr. Edwin Clark as our text-book
in treating on this subject ; and although the results of our own cal-

culations differ widely from his, and we are constrained to point out
some errors into which he has unaccountably fallen—unless it be from
the difficulties in the way of revision of such investigations and hurry
for the press—we beg to record our high appreciation of his work
generally, and our admiration for the spirit in which it for the most
part is written, and for the great amount of valuable practical informa-
tion, and the important original views and investigations which it con-
tains.

We shall, in the first place, point out what we consider the sources
of error in Mr. Clark's two principal calculations of the strength of
the Conway tubes. Next, we will give our own investigations of the
stresses thereon, exclusive of the effects of wind-pressure. Third, we
shall point out Avhat amount of light the large experimental girder is

capable of throwing upon the subject. Fourth, we shall treat of the
additional stresses resulting from the lateral action of the wind—omit-
ted in all the previous calculations ; and, fifth, conclude with suo-cres-

tions for streno-thenincr the tubes.

1. Mr. Clark's Calculations of the Strength of the Conway Tubes.
—As both the calculations which Mr. Clark gives (see pages 748 and
754 of his work) employ a constant derived from the experiments made
upon the large modtd girder of 75 feet span, it will be best in the first

place to inquire into the nature of this constant. The description of
the experiments is given at pages 158-189, and the constant, which
we represent by the letter Q, is thus derived

—

. . . . (1)

where W is the total distributed, or twice the central breaking: weight
in tons, s = the span, D =:the depth for calculation, and A = the sec-

tional area of the bottom in inches ; and by this formula in another
dress, Mr. Clark (187) obtains the values for Q in the following table,

from the experiments numbered I, III, and IV, or those in which the
failure took place by the rending of the bottom ;

—

Vol. XLIV.—Third Series.—No. 5.—November, 1862. 27
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Table I.

—

Experimental Girder, lb feet span.

Sec. of Top. Sec. of Sides.
Sec. of Bot-

tom, or A.
Value of a-

Experiment I,

III,

IV,

Average,

234
23-4

23-4

9 or 9-6

9 or 9-6

9 or 96

8-8

12-8

18-31

190
20-3

16-6

18-6

This average value, 18-6 tons, of the constant Q is at page 748 de-

nominated the "ultimate tensile strain of riveted plates;" and from

having been looked upon in this light it has vitiated both calculations
;

it is, in fact, an expression for the whole tensive action of the section

referred to the same leverage with which the bottom acts, compared
with the sectional area a of the bottom ; and by heaping on material

to the sides and top, without altering A, any value may be obtained

for Q ; in fact, this is virtually done in the experiments I and III, in

which the sides and top are in excess compared with the bottom. The
4th experiment, for which Q= 16-6, is the only one with an approach

to the proportions of the Conway tube. But when the sides are made
unduly thick, as in I and III, the proportionate aid derived from their

resistance to rupture is increased ; and when the top is made unduly

heavy, as in the same experiments, the position of the neutral axis is

raised higher, so as to afford a longer leverage to the tensive stresses

in the sides and bottom : in fact, as we shall have occasion to show,

the actual stress on the material of the bottom in experiment No. I

•was, when it gave way, less per inch than in experiment No. IV.

There could be no strong objection to employing a constant of the

nature of Q in the comparison of structures of different dimensions, if

their cross sections were exactly similar ; but even here the last expe-

riment fails to be altogether applicable to the case of the Conway
bridge, since the constructions of the bottom diff'er considerably.

Mr. Clark's first calculation of the Conway is analogous to that em-
ployed in deriving the values of Q in the table ; there is therefore no
material objection, except that just referred to, to be taken to it so

far as it goes, if the value of Q as derived from experiment No. IV be
employed—that is, 16-6 instead of 18*6 tons. It is to be regretted,

however, when a near approach to the best proportion of section was
attained in the large girder, that then more experiments were not

made upon it.

Mr. Clark's second investigation is of a more elaborate character,

taking into account the influence of the sides, and made with a view
to calculating the actual stresses per sectional inch brought upon the

extreme top and bottom plates by given loadings. Passing over minor
objections, we are at once arrested by the manner in which the first

results arrived at are applied—not with a reference to the actual

strengths of plates as given by the direct experiments recorded at p.

376, after a proper deduction being made from these for rivet holes

—

but by employing the unfortunate constant Q, derived in such an ob-
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jectionable manner from the girder experiments, and by a mode of

treatment that ignores the sides. Had a constant been deduced from

these experiments by a treatment in accordance with the principles of

the second investigation, and that constant been employed instead of

Q, little would have remained to object to, except that the difference

in the constructions of the bottoms would—as we shall afterwards ex-

plain—have told unfavorably upon the constant so obtained. If, on
the other hand, we take the average result given for absolute strength

at page 376, viz : 19*6 tons on the solid inch, and estimate the metal
lost by rivet holes at only 15 per cent, of the total section, this leaves

•8.5 of solid plate out of every inch of section, and (supposing the

plates to receive no injury except in the rivet holes, and to act all

harmoniously together) the absolute strength estimated over the whole
plate will be=0-85 X 19-6= 16*66 tons ; the correct constant, accord-

ing to these views, to be used with the primary results of Mr. Clark's

second and more complete investigation, instead of the incompatible

so-called constant 18*6.

2. Our Calculation of the Stresses on the Conway Tubes.—The sec-

tional areas at the midspan of the tube as given by Mr. Clark at p. 589
are, for the top= 645-30, for the sides= 257, for the bottom ==535'65 ;

total = 14.37-95,

No details of the calculations of these areas are given, but the plans

and descriptions afford sufficient information for making an independent

estimate, and since the sectional areas we so arrive at differ somewhat
from those given by Mr. Clark, we add the particulars

:

Estimate of the sectional area of the top of the Conway, including all the attached

angle irons. Sq. inches.

A and B plates == 14' 9" X U" • • • = 265-5

X plates =No. 9 X 21" X i''' . . = 141-75

Strips = No, 16 X 9" X ^" • . • = 72-0

Angle irons, No. 40, 4J in. sec. . , = 180-0

Total, . . . = 659-25

Estimate of the sectional area of the sides.

Two sides, each 21' 7" X 2" . . . = 259-5

Estimate of the sectional area of the bottom, including all the attached angle irons.

Sq. inches

D and E plates = 1 4' 8" X 2" . . . = a52-0

V plates = No. 7 X 2 1 X y' • . . = 73-5

Angle irons, No. 28, 2-7 in. sec, . . . = 75-6
" No. 4, 4-5 " . . . = 180

Two packings p, not continuous, . . . = 0-0

619-1

Let us suppose the horizontal plates A, B, D, and E, together with

their attached angle irons, to become concentrated into the lines pass-

ing through the centres of their thicknesses, as in diagram 2 ; let also

all the X and V. plates be brought together, as also the side plates,

as in the diagram. Further, let the sides be completed by material

taken from the angle irons that connect them with the B and D plates,

so as to make up the length to b d without affecting their combined
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thickness, which is equal to one inch. Let c be the centre of the depth

X V between the centres of the cells, and let n be the position of the

neutral axis.

The measurements carefully obtained from the plates are :

—

A E= 25-343 feet, B d = 21-698, a b = 1-813, d e = 1-833, c v or

ex = 11-760. The sectional areas, after making the adjustments,

indicated above, are—A plates, &c., = 254-25; B plates= 267,375

X plates= 141-750; whole of top = 663-375; D plates = 230-80

E plates = 213-80; V plates = 73-50 ; whole of bottom = 518-10

whole of sides = 260-38. Then by a sufficiently accurate calculation

we find the centre of gravity n of the section* to be 1-185 feet above

the centre c\ hence we have 7<i= 13-862, Ji^^ = llA^2; t; = 12-029,

i^^ = 9-669

;

'il^r 10-4384, and '-fi- = 8-1423.
A,; All

Diagram 1, showing the plntes, &c., in half of

the mid-span section of the Conway Tube.

Diagram 2.
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We may now deduce a general formula for the moments of the va-

rious stresses on the parts measured round the neutral axis n. Let us

deal, in the first instance, with the moments of the parts in a state of

tension, that is, those below the neutral axis. Let T be used to repre-

sent the greatest tension per sectional inch on the solid metal of the

weakest section; or, in other words, on the sections of the extreme'

plates E as above given, but having a deduction made from that sec-

tion on account of the loss by rivet holes. Let the proportion of solid

metal to the total area at the weakest section be as e 1, so that e T will

express the tension per square inch as measured over the total section

without deduction of rivet holes ; eT is the tension we have to do with

in relation to the position of the neutral axis, when the slight influence

*An intcrestinp; question here prospnts itsi If as to tlie effect the rivet lioles in the bottom and sides will have
npon the heiglit of tlie neutral axis. 1 n the text, we follow with regaiii to the position of the mutral surface,

the ordinary rule of taking it at the height of tin' cent re of gravity of the seotiou; and though we believe this

is by the above cause rendered not quite exact, it must be sufiBciently so for this and ordinary calculations.
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7

of the rivet lioles thereon is neglected. The corresponding compres-

sions per sectional inch at the extreme layers of the material on the

other side of the axis will be expressed by the letter c, and this will be

equal to -- eT.

For the moments of the parts in tension we have then the following

formulje :

—

For plates E, area = e, degree of tension =eT, leverage = Ii^
;

.-. moment= eT . E /<j.

For plates D, area = D, degree of tension= e T j , leverage= i^
;

.'. moment =:e T . Dv
h

For Side Plates.—For any horizontal layer of these distant x from
the neutral axis, and dx thick, the breadth being 1 inch, the area

= c? a: 5, degree of tension ^ g T -y, leverage = a;; therefore the mo-

X"
meut = eT5 ^dx. Inteo-rating this between the limits x=^o and

fl;=^/, we have (noting that the z which arises from the summation
of the thicknesses of the layers must be taken in inches) moment

?'"
i^= 6x5 -^-7 122 = 4eT5i7.

o 11 It

For Plates V.—Without altering the sectional area of these plates,

we will suppose them to become stretched out to the full extent of D E,

the united thicknesses becoming =^ t. The moment of any layer d x

thick, and distant a: from the neutral axis, \s>^=eit y dx; integrating

this between the limits x = /, and x = li^, we have moment

= eTt^^.{li^— i^) = eT\1t{li— i)\,{]v'^'hi-\-x')

and putting v= the sectional area, moment= e1\\[h -\- i -\- j 1

So that the sum of the moments of the plates, &c., below the neutral

axis is

= .T{E7,, + D| +
46,-f'

+ iv(;,, + .-+|)} . . (2)

And similarly, the moments of the parts above the neutral axis are

= c|A^, + B|- + 46.;,i^ + ix
(/.,, + /,, + £)} . (3)

27*
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Applying these formulro to the Conway bridge, with the values given

above for the various factors, and noting that h = i^^, we have

Moments of parts \= e t (213-8 X 13-862 + 230-8 X 10-4384 + 4 X
under tension j 12-029 X 10-4384 + 73-5 Xl2-ll)= gT67G5-3.

Moments of parts \= c (254-25 X 11-482 + 267-375 X 8-1423 + 4 X
under compression / 9-669 X 8-1423 + 141-75 X 9-764) = c 6790-3.

Butc==^^eT==0-8283eT .-.

A,

Total moment of section =-eT (6765-3 + 0-8283 X 6790-3)= 12390 eT.

Now the resulting moments of the loading on half of the span and
the re-action of the pier must be made equal to this ; this moment is

equal to - w s, w being the total distributed weight over the span S,
s

and if we take S = 400 feet, this becomes = 50 w

;

.-. w= 247-8 eT, 50 w -= 12390 e T, eT
w

247-8 V . . (4)*

and = 0-8283 gT j

We may remark upon the above calculation, that it is made favor-

able to the strength of the bridge ; 1st, on account of the full sectional

area of the angle irons being taken instead of that of their covers,

which would be the more correct course ; 2d, the span S as above is

the clear span, but the span for calculating the moment of the re-action

of the pier, &c., should be the distance from the centre of pressure on

one pier or abutment to the centre of pressure on the other, or proba-

bly here about 405 feet ; 3d, the weight of structure and loading is, of

course, equally underrated with S ; and 4th, the material composing
the sides has been estimated at the same standard as the bottom, to

withstand tension ; the sides should however be considered inferior,

both on account of being single riveted, and from the plates composing
them being placed with the fibre vertically, or at right angles to the

tensive longitudinal stress. The experiments given at page 377 of Mr.
Clark's work show the absolute strength, when the stress is parallel

to the fibre of the plate, to be about three tons greater than when at

right angles thereto ; but when the sides proper do not descend to the

lowest part of the girder, their absolute strength is not called forth,

and it may be that they therefore contribute as much to the support of

the structure as though of better material and workraanship.f When,
however, as in the large experimental girder of 75 feet clear sp-an, the

* We do not pnt much stress upon tho difforencc in the values we have employed for the sectiomil areas of

the parts from those given by Mr. Clark, tor the results wlien his values are used are almost the same. Thus,
taking the sections in the table at page 589, we find /t. = 13-577, /i,i = 11-777, t, = 11 744. and in = 9-944; and
proceed!^ with the calculation as in the te.xt, with the followins; values of the parts A = 250, B= 2d4,

X = 140,%ides= 260 or 1 inch thick, d=237, t= 75, and e = 222, we get these results:

—

w = 248-42 e T, e T = -

,„ ,-, and C = 0-82653 e T,

enly differing from the results in the text by about one-quarter per cent,

-j- This supposes the elasticity to be the same as for the bottom jilates. If we once open up the question of

Hsing iron of different elasticities, numerous interesting, but complicated, problems present themselves. Good
results would, for instance, be obtained by choosing and placing the jilates so that those with the greatest

powers tif ultimate extension would be situated fiirtlior from the neutral axis, and those with least elasticity

nearest to it.
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sides descend to the bottom, and have therefore their lowest layers

subjected to the same extremes of tension with the bottom plates,

their absolute strength and ultimate extensibility become important

points. If, with the same ultimate extensibilities, the net strength of

the side plates is inferior to that of the bottom, a deduction should be
made from the moment expressing their efficiency; and if the ultimate

extensibility of the side plates be inferior to that of the bottom, rup-

turerwill begin in the sides before the bottom plates give out their

full strength. In accordance with these views, we do not think it ne-

cessary to make any deduction from the moments of the Conway sec-

tion ; but when we come to treat of the experimental tube, it Avill ap-

pear that some such deduction is required in its case, the eifect of which
will be to slightly augment the ultimate values of e T, T, and C, deduced
from the experiments.

Table II.

—

Stresses per sectional inch produced in the extreme top and bottom plates

of the Coinvay section, front the action of the load alone (the additional stress from
the action of the wind not being here included). Calculated by formula (4J e being
taken = 85.

Total distributed load in tons. f T in ton.«. T in tons. c in tons.

Tube alone = 1112
Tube + 200 = 1.312

Tube 4- 400 = 1512
Tube -4- 600 = 1712
Tube 4- 800 = 1912

4488
5-295

6-102

6-909

7-716

5-280

6-229

7-179

8 128

9 078

3-717

4-386

5-054

5 723

6 391

We will suppose that the 1112 tons in the above table represent the

total dead weight of the Conway tube (although it appears to be that

of the bare girder alone, without allo-wanccs for permanent way, plank-

ing, roof, &c). Then the added weights will represent the movable

loading ; 200 tons may be taken as an actual daily test, 400 tons is

the ordinary estimate of the heaviest possible load, 600 tons the same
when the factor of safety for the movable load is taken equal to 1|-

times that for the dead weight ; 800 tons represent the same load-

ing when the factor of safety for a movable load is taken double that

for the fixed load—as at page 584 of Prof. Rankin's Civil Enyineering.

(To be Continued.)

MECHANICS, PHYSICS, AND CHEMISTRY.

The Properties of Iron, audits Resistance to Projectiles at High Velo-

cities. By Wm. Fairbairn, F.R.S. Read before the Royal Institute.

From the Lond. Civ. Eng. and Arch. Journal, August, 1862.

(Continued from p. 266).

Having ascertained, by direct experiment, the mechanical resist-

ance of different kinds of iron and steel plates to forces tending to

rupture, it is interesting to observe the close relation which exists be-

tween not only the chemical analysis as obtained by Dr. Percy, but

how nearly they approximate to the force of impact, as exhibited in

the experiments with ordnance at Shoeburyness.
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Dr. Percy, in his analysis, observes that of all the plates tested at

Shoeburyness, none have been found to resist better than those let-

tered A, B, C, D, with the exception of C. The iron of plate E con-

tained less phosphorus than either of the three A.^ B, D ; and it is

clearly established that phosphorus is an impurity which tends in a

remarkable degree to render the metal "cold short," ^. e. brittle when
cold.

The following table shows the chemical composition of these irons

:

Mark. Carbon. Sulphur. Phosphorus. Silicon. Manganese.

A •01636 •104 •106 •122 •28

B •0327 •121 •173 •160 •029

C •023 •190 •020 •014 •100

D •0436 •118 •228 •174 •250

E •170 •0577 •0894 •110 •330

Comparing the chemical analysis with the mechanical properties of

the irons experimented upon, we find that the presence of 0-23 per

cent, of carbon causes brittleness in the iron : and this was found to

be the case in the homogeneous iron plates marlied ; and although

it was found equal to A plates in its resistance to tension and com-
pression, it was very inferior to the others in resisting concussion or

the force of impact. It therefore follows that toughness combined
with tenacity is the description of iron plate best adapted to resist

shot at high velocities. It is also found that wrought iron which exhi-

bits a fibrous fracture when broken by bending, presents a widely dif-

ferent aspect when suddenly snapped asunder by vibration, or a sharp

blow from a shot. In the former case the fibre is elongated by bend-

ing, and becomes developed in the shape of threads as fine as silk,

"whilst in the latter the fibres are broken short, and exhibit a decidedly

crystalline fracture. But, in fact, every description of iron is crystal-

line in the first instance ; and these crystals, by every succeeding pro-

cess of hammering, rolling, &c., become elongated, and resolve them-

selves into fibres. There is, tlierefore, a wide diiference in the ap-

pearance of the fracture of iron when broken by tearing and bending,

and Avhen broken by impact, where time is not an element in the force

producing rupture.

If we examine with ordinary care the state of our iron manufacture

as it existed half a century ago, we shall find that our knowledge of its

properties was of a very crude ami most imperfect character. We have
yet much to learn, but the necessities arising from our position as a

nation and the changes by which we are surrounded, will stimulate

our exertions to the acquisition of knowledge and the application of

science to a more extended investigation of a material destined, in

course of time, to become the bulwark of the nation. It is, therefore,

of primary importance, that we should make ourselves thoroughly ac-

quainted not only with the mechanical and chemical properties of iron,

but that we should moreover be able to apply it in such forms and
conditions as are best calculated to meet the requirements of the age

in ffhich wc live.
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Entertaining these views, I cheerfully commenced with my talent-

ed colleagues the laborious investigations in which we are now en-

gaged ; and looking at the results of the recent experiment with the

300-pounder gun on the one hand, and the resisting targets on the

other, there is every prospect of an arduous and long-continued con-

test.

From the Manchester experiments to which I have alluded, we find

that with plates of different thicknesses, the resistance varies directly

as the thickness, that is, if the thickness be as the numbers 1, 2, 3,

&c., the resistance will be as 1, 2, 3, &c. ; but those obtained by im-

pact at Shoeburyness show that, up to a certain thickness of plate,

the resistance to projectiles increases nearly as the square of the

thickness. That is, if the thickness be as the numbers 1, 2, 3, 4, &c.,

the resistance will be as the numbers 1, 4, 9, 16, &;c., respectively.

The measure therefore of the absolute destructive power of shot is its

vis viva, not its momentum, as has been sometimes supposed, but the

work accumulated in it varies directly as the weight of the shot mul-

tiplied into the square of the velocity.

There is therefore a great difference between statical pressure and
dynamical effect ; and in order to ascertain the difference between flat-

ended and round-ended shot, a series of experiments were undertaken

with an instrument or punch exactly similar in size and diameter, and
precisely corresponding with the steel shot of the piece, '85 diameter

employed in the experiments at Shoeburyness. The results on the

A, B, C, and D plates are as follows :

—

Character of Plates.

Resistance in lbs.

Punch flat-ended. Punch round-ended.

TA Plates,

TT If • V .L- I B Plates, .

Half-inch thick, ^ <, p,^^^;^ ,

[ D Plates, .

Three-quarter ( B Plates,

inch thick, ( D Plates, .

Mean,

57,956

57,060

71,035
46,080
84,5S7

82,381

61,886

48,788

85,524
43,337

98,420

98,571

67,017 72,754

These figures show that the statical resistance to punching is about

the same whether the punch be flat-ended or round-ended, the mean
being in the ratio of 1000 : 1085, or 8| per cent, greater in the round
ended punch. It is, however, widely different when we consider the

depth of indentation of the flat-ended punch, and compare it with that

produced by the round-ended one, which is 3|- times greater. Hence
we derive this remarkable deduction, that whilst the statical resistance

of plates to punching is nearly the same, whatever may be the form
of the punch, yet the dynamic resistance or work done in punching is

twice as great with a round-ended puncli as with a flat-ended one.

This of course only approximately expresses the true law ; but it ex-

hibits a remarkable coincidence with the results obtained by ordnance
at Shoeburyness, and explains the difference which has been observed
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in these experiments, more particularly in those instances where round
shot was discharged from smooth-bored guns at high velocities. To
show more clearly the dynamic effect or work done by the weight of
shot which struck some of the targets at different velocities, the fol-

lowing results have been obtained :

—

Taught.
Weight of Shot
striking Target.

Work done on Target.

Total. Per squ:;re foot.

Thorncycroft 8-inch Shield,

Thorneycioft 10-incii Embrasure,
Roberts's Target,

P^airbairn's Target,
Warrior Target, . ,

The Committee's Target,

lbs.

1253
1511

946
1024
3229
6410

Foot lbs.

823,000
324,000

312,000

Foot lbs.

29,078,000

37,140,000

19,726,000

23,311,000

62,570,000

124,098,780

From the above, it will be observed that the two last targets have
sustained in work done what would if concentrated be sufficient to

sink the largest vessel in the British navy.

We are all acquainted with the appearances and physical character

of artillery, but few are conversant with the nature of the operations

and the effects produced by shot on the sides of a ship or on resisting

forts and targets.

The shot of a gun—to use the expression of my colleague, Mr.
Pole—is simply the means of transferring mechanical power from one
place to another. The gunpowder in the gun develops by its combus-
tion a certain quantity of mechanical force, or work as it is now call-

ed, and the object of the shot is to convey this work to a distance,

and apply it to an object supposed to be otherwise inaccessible. The
effect of this, according to Mr. Pole's formula, is W=:its velocity in

feet per second ; v = weight of the shot in pounds. Then, by the

principle of vis viva, the quantity of work stored up by the moving

TV V^
mass, measured in lbs. 1 foot high is = -^—,g being the force of gra-

vity = 321.

Thus, if we have a shot, like that recently used against the Warrior
target, 156 lbs., moving at the rate of 1700 feet per second, the work

done will be = "^^^"^4!^^^''' = 7,008,238 one foot high.

Showing at once the immense power that this small body is able to

deliver on every resisting medium tending to arrest its course and
bring its particles to a state of rest ; or in other words, it is equivalent

to raising upwards of 3000 tons a foot high in the air.

Tlte application of Iron for purposes of Defence.—Having examin-
ed, in a very condensed and cursory manner, the present state of our

knowledge in regard to iron, and its application to the purposes of

ehip-buiiding, let us now consider in what form and under what cir-

cumstances it can best be applied for the security of our vessels and

i



Properties of Iron and its Resistance to Projectiles. 323

forts. To the latter the answer is, make the battery shields thick

enough ; but a very different solution is required for the navy, where

the weight and thickness of the plates is limited to the carrying pow-
ers of the ship. It has been observed with some truth, that we have

learnt a lesson from the recent naval action on the American waters

;

but it must be borne in mind that neither of the vessels engaged nor

the ordnance employed were at all comparable to what have been used

at Shoeburyness.

To those who, like myself, have gone through the whole series of

experiments, the late engagement will appear instructive, but not cal-

culated to cause any great alarm, nor yet effect any other changes

than those primarily contemplated by the Government, and such as

have been deduced from our own experiments. It is, nevertheless,

quite evident that our future navy must he entirely of iron ; and judg-

ing from the last experiment with the Armstrong smooth-bore gun, it

would almost appear as a problem yet to be solved, whether our ships

of war are not as safe without iron armor as with it. If our new con-

struction of ships are strong enough to carry armaments of 300-pound-

er guns, which is assumed to be the case, our plating of 6 or 7 inches

thick would be penetrated, and probably become more destructive to

those on board than if left to make a free passage through the ship.

In this case we should be exactly in the same position as we were in

former days with the wooden walls ; but with this difference, that if

built of iron the ship would not take fire, and might be made shell-

proof. It is, however, very different with forts, where weight is not a

consideration, and those I am persuaded may be made sufficiently

strong to resist the heaviest ordnance that can be brought to bear

against them. In this statement I do not mean to say that ships of

war should not be protected ; but we have yet to learn in what form

this protection can be effected to resist the last powerful ordnance,

and others of still greater force which are looming in the distance, and
are sure to follow.

A great outcry has been raised about the inutility of forts ; and the

Government, in compliance with the general wish, has suspended those

at Spithead,—I think improperly so, as the recent experiments at

Shoeburyness clearly demonstrate that no vessel, however well pro-

tected by armor-plates, could resist the effects of such powerful artil-

lery ; and instead of the contest between the Merrimac and the 3foni-

tor, and that of the 300-pounder gun, being against, they are to every

appearance in favor of forts. Should this be correct, we have now to

consider how we are to meet and how resist the smashing force of such

powerful ordnance as was levelled against the Warrior target.

During the whole of the experiments at Shoeburyness, I have most
intently watched the effects of shot on iron plates. Every description

of form and quality of iron has been tried, and the results are still far

from satisfactory ; and this is the more apparent since the introduction

of the lai'ge 300-pounder, just at a time when our previous experiments

were fairly on the balance with the 40, QS, 100, and 126 pounders.

They now appear worthless, and nothing is left but to begin our labors

again de novo.
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It has been a question of great importance, after having determined

the hiw of resistance and the requisite quality of the iron to be used

as armor-plates, how these plates should be supported and attached to

the sides of the ship. Great difterence of opinion continues to exist on

this subject ; some are for entirely dispensing with wood
;
probably the

greater number contend for a wood backing, the same as the Warrior
and the Black Prince. I confess myself in the minority on this ques-

tion ; and, judging from the experiments, I am inclined to believe from

past experience that wood combined with iron is inferior to iron and
iron in its power of resistance to shot ; and I am fully persuaded that

ultimately the iron armor-plates must be firmly attached to the sides,

technically called the skin, of the ship. It must, moreover, form part

of the ship itself, and be so arranged and jointed as to give security

and stability to the structure.

The experiments instituted by the Committee on Iron Plates have

been well considered and carefully conducted; they commenced with a

series of plates selected from different makers, of varying thicknesses,

and these have been tested both as regards quality and their powers

of resistance to shot. They have, moreover, been placed at different

angles and in a variety of positions ; and we had just arrived at the

desired point of security when the thundering 300-pounder smooth-

bore upset our calculations, and leveled the whole fabric with the

ground. We are, however, not yet defeated ; and true to the national

character, we shall, like the knights of old, resist to the last

—

"And though our legs are smitten off,

We'll fight upon our stumps."

And thus it will be with the Iron Committee and the Armstrong and

the Whitworth guns.

In conclusion, allow me to direct attention to a drawing of the War-
rior target with wood backing, and its compeer entirely of iron. The
first underwent a severe battering previous to the attack from the 300-

pounder, but the other sustained still greater with less injury to the

plates, notwithstanding the failure of the bolts in the first experiment.

It must however be admitted, that plates on wood backing have cer-

tain advantages in softening the blow, but this is done at the expense

of the plate, which is much more deflected and driven into the wood,

which from its compressibility presents a feeble support to the force

of impact. Again, with wood intervening between the ship and the

iron plates, it is impossible to unite them with long bolts so as to im-

part additional strength to it ; on the contrary, they hang as a dead

weight on her sides, with a constant tendency to tear her to pieces.

Now, with iron on iron we arrive at very different and superior results.

In the latter, the armor-plates if properly applied will constitute the

strength and safety of the structure ; and, notwithstanding the in-

creased vibration arising from the force of impact of heavy shot, we
are more secure in the invulnerability of the plates, and the superior

resistance which they present to the attack of the enemy's gun. In

these remarks I must not, however, attempt to defend iron construc-

tions where they are not defensible, and I am bound to state that in
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constructions exclusively of iron there is a source of danger which it

is only fair to notice, and that is, that the result of two or more heavy

shot or a well concentrated fire might not only penetrate the plates,

but break the ribs of the ship. This occurred in the last experiment

on my own target, where a salvo of six guns concentrated four on one

spot, not more than 14 inches diameter, went through the plates and

carried away a part of the frame behind. The same effect might have

taken place on the Warrior target ; and certainly 9 ins. of wood is of

little value when assailed by a powerful battery of heavy ordnance and

a well concentrated fire.*

In closing these remarks, I have every confidence that the skill and

energy of this country will keep us in advance of all competitors, and

that a few more years will exhibit to the world the iron navy of Eng-
land, as of old with its wooden walls, unconquerable on every sea.

* Since tlio above was written, another experiment has been made on the- Warrior tarf;et with the 300"

pountler smooth-bore gun. From this it appears tliat the wood bacliing between tlie armor-plates and the

skin of the ship cannot safrly be dispensed with, and that some cunipressible or softer siibstance than iron

•indiron is necessary to deaden the bh)w, an<l absorb the frapments of the shot and the broken plates, which
in this instance lodged in the wood, and did not perforate, but only cracked the skin of the target. From
this fact it cannot he denied that this experiment is more satisfictory than those on the iron on iron targets;

and however desirable it may be to realize a more effective construction as regards the strength of the ship,

it cannot be doubted, in so tar as the security of the ship and the lives of those on board are conct-rned, that

a ves.sel with wood backing is safer in action than one composed entirely of iron. In the present state of our
knowledge, the experiments are therefore against iron and iron, as i-egards security from the effects of shot,

but they are unfavorable as respects the strength of the ship.

Hydraulic Presses.

From the London Artiziin, August, 1S62.

For many purposes for which presses are employed, such for exam-
ple as for packing cotton and other fibres, and similar materials, the

press is required during a considerable portion of its stroke to exert

but a comparatively small pressure, whilst for the latter portion of the

stroke a much heavier pressure is required. Mr. M. Scott, of Parlia-

ment Street, proposes to employ a compound press, consisting of two

or more concentric cylinders. The innermost is fitted with a ram like

an ordinary hydraulic press, the cylinder is closed at the bottom, and
is made itself to serve as the ram of another hydraulic press formed

•with the next concentric cylinder, and this may in turn form the ram
of a third press. When the press is set to work the water from a force-

pump or accumulator is directed first into the interior cylinder, and as

this is of small diameter the ram thereof rapidly rises, but the pres-

sure will be comparatively light. As soon as this pressure proves in-

sufficient, a cock placed on the supply-pipe of the inner cylinder is

closed, and another cock is opened, so as to admit the water from the

force-pump or accumulator to the second cylinder. In this manner the

ram of the second press, which is the cylinder of the first, is raised,

carrying its own ram with it, this being unable to descend, being

blocked by the water enclosed beneath it. AVhen the second cjdinder

is brought into work, the action of the press will be slower, and the

force exerted will be greater, in proportion as the sectional area of

the ram of the second press (or the cylinder of the first) exceeds the

sectional area of the ram of the first press. When a third cylinder is

employed it is brought into action after the second in a similar man-
VoL. XLIV.—Thibd Series.—No. 6.—November, 1863. 28
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ner, the second press being then in turn blocked by the water enclosed

in it. The important feature in the invention is the blocking of one

press, whilst a more powerful one is caused to act against it thus:

—

Two separate hydraulic presses, the one of small, and the other of large

power, may be arranged one at each end of a frame, the material to

be pressed between them is received betAveen the two presses, and is

partly compressed by the press of smaller power ; then this is blocked

by enclosing water in it, and the press of greater power is put in ac-

tion to complete the compression. This arrangement may also be em-
ployed where mechanical blocking is used in place of or together with

water blocking.

New Manufacture of Cfunpoivder.

From the London Artizan, August, 1S62.

Mr. "W". Bennetts, of Tuckingmill, has invented a new method of

manufacturing gunpowder, the ingredients consisting of lime, nitre,

sulphur, and charcoal ; the lime is dissolved in a sufficient quantity of

water to bring the other elements into a paste. The lime after having

been made into a solution is strained tlirough a fine sieve; this solu-

tion is then added to the other ingredients, and the whole is put into

a mill and ground until it becomes a paste ; it is then taken out of the

mill and passed between two rollers, one grooved and the other plain.

The paste by passing between the rollers is formed into long strips of

a triangular shape; it is then carried on an endless web or canvass

over some hot tubes, which are heated by steam, hot water, or any
other artificial heat which may be applied ; by this means the strips

are easily broken into grains. This mode of manufacture prevents a

great deal of danger, as the powder is pulverized and brought into

grain while in a wet state. The lime makes a firm grain, resists the

damp, and gives it a degree of lightness which increases the bulk 25
per cent, over ordinary gunpowder—a great advantage for blasting

purposes. Plaster of paris, blue lias, Roman or Portland cement, or

other strong cementing substance, may be used as a substitute for

lime. And the patentee finds that for blasting purposes the following

proportions answer well—that is to say, nitre, 65 lbs.; charcoal, 18
lbs. ; sulphur, 10 lbs. ; and lime, 7 lbs. ; but the proportions may be
varied according to the strength required.

/Safety- Valves of Steam Boilers.

At a meeting of the Academy of Sciences of Vienna, M. de Burg
gave an account of his experiments on the mode of action of the safe-

ty-valves of steam boilers. These results are in contradiction with the

theoretical propositions upon which the regulations for the dimensions

of these boilers have been based : inasmuch as in reality these valves

do not rise to a height equal to one-fourth of their diameter, tliat is,

one or more inches, but only so as to leave a passage for the steam

whose diameter does not exceed the fraction of a line. These appara-
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tus therefore cannot fulfil their object, which is to give simultaneous

issue to all the steam which a boiler can produce when it has reached

a determinate degree of tension, and thus to prevent all danger of

explosion. To fulfil this purpose they ought to be at least six times,

and in some cases twenty times larger than the rules prescribe.

L'Institut.

Durability of Oast Iron in Sea Water. By E. B. Webb, M. Inst.

C. E., &c.

From the Lond. Civ. Eng. and Arch. Jour., Aug., 1862.

Mr. Webb has given special attention to the durability of cast iron

in sea water, and the subject is one of such importance that we extract

liis observations ; while not professing to show that all cast iron may
be trusted to withstand the deteriorating action of the sea, our author

brings forward several instances in which its judicious employment
has been proved by its remaining uninjured after many years sub-

mersion.

Cast iron in sea water is liable to two descriptions of deterioration,

generally by the absorption of oxygen, and occasionally, with certain

qualities of metal, by a softening of the outer surface.

The oxidation of cast iron in sea water does not proceed rapidly,

even when its surface is unprotected and its quality that most favora-

ble for a union with oxygen. An idea of the rate of oxidation may be

formed from the following statement by Mr. R. Mallet (as the result

of numerous experiments), that " cast iron freely exposed to the wea-

ther at Dublin, and to ail its atmospheric precipitations, was corroded

nearly as fast as if in clear sea water, when the specimens in both

cases were wholly unprotected."

In iron breakwaters, the question as to durability will refer chiefly

to the parts below low water ; for the protection of the superstructure

against slow and unimportant oxidation may be readily insured. It has

been stated, that the oxidation of iron surfaces continually covered

with water goes on more slowly than when the metal is exposed alter-

nately to air and water. In addition to this circumstance, favorable

to the easy protection of ironwork standing in the sea, it will be found
that in the majority of localities the sea itself provides, in the shape of

mollusks, an excellent protection to the submerged portions.

The softening of cast iron is a process not clearly understood. Cast

iron will soften in the cylinders and pipes used in mines, as well as in

piles standing in sea water. After softening under sea water it will at

times become hard again on exposure to the air. Cast iron, however,

is very far from being generally liable to the process of softening.

In consequence of the great variety in the quality of cast iron, in-

stances are not wanting which apparently support directly opposite

opinions. Cast iron has been taken up after immersion in sea water,

utterly decomposed. In many such cases, it is known that the iron

has been purposely cast of the softest metal, and in others it may
airly be presumed that soft metal has been employed. On the other
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hand, there are numerous instances of cast iron having remained per-

fectly sound and uninjured after an immersion for many years in sea

water. From very numerous examples of long immersion without in-

jury, the writer will select a few which he has personally examined.

Jjock Grates^ Slteerness.—There are several pairs of cast iron dock
gates at Her Majesty's dock-yard, Sheerness. They Avere designed hy
the late Mr. Rennie. The heel posts, mitre posts, and ribs, are of cast

iron. The gates are sheeted from top to bottom with cast iron plates,

perfectly water-tight. Three pairs of gates have been exposed to the

action of sea water since 1821, and a fourth pair since 1827.

The writer examined these gates in January of this year, 1862, and
he found that the framing and plates were in perfect condition. From
the dock-yard officials he learnt that no portion of the cast iron had
ever been replaced, in consequence of deterioration of the metal, and
that no plate had given way, although there is a head of water equal

to 26 feet at spring tides. Three pairs of these gates have, therefore,

resisted the action of sea water, uninjured, for fully forty years, and a
fourth pair for thirty-five years.

The writer observed, however, that the cast iron sector plates,

against which the gates shut, are softened in places to some little ex-

tent, but only where the iron is in contact with a mass of lead, which
has been used to form a water-tight joint ; the galvanic action created

by the contact of the two metals having, doubtless, caused the soften-

ing of the iron.

At Chatham, the writer saw a number of iron castings which had
been removed thither from a dock at Pembroke, where a caisson has
replaced the gates. After an immersion in sea water at Pembroke for

many years, these castings are found to be in so perfect a state, that

they will shortly be put in use at the ncAV entrance to No. 1 dock at

Chatham, there again to be exposed to the action of sea water.

Loivestoft Harbor {Basin Entrance).—The late Sir W. Cubitt hav-
ing witnessed the rapid destruction of timber in the sea at Lowestoft,
and being satisfied as to the durability of cast iron in sea water, de-

termined upon casing the entrance of the Lowestoft basin with cast

iron piles. The work was commenced in 1832, under Mr. George Ed-
wards. The writer examined these piles Last year, and he found them
uninjured. They are, for all practical purposes, as sound and as per-

fect as wlien tliey were driven—upwards of 28 3'ears ago,

Soutliend Pier [Extension).—Mr. Jas. Simpson (Past-President of
the Institution of Civil Engineers), in designing the extension of this

pier, after careful consideration of the durability of cast iron in sea
water, selected that metal for his piles. The extension was executed
in 1844. In February, hist year, the writer examined these piles; he
found them in a most perfect state. They are scjuare, and the ano-les

are as sharp as when they left the foundry. Mr. Simpson specified the

quality of the iron from which these piles were to be cast, because he
found, from examination of specimens of cast iron which had been ex-
posed to the action of sea water, that the durability depended upon the

quality. These piles, after having been exposed to sea water during
17 years, are perfectly uninjured.
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Heme Bay Pier.—The pier at Heme Bay, nearly three-quarters of

a mile in length, was designed by the late Mr. Telford. It was built

of timber in 1831. After standing for about seven years, the piles

were generally so far destroyed by the worm, that it was decided to

use cast iron, to a great extent, in the repairs. Accordingly, in 1838, a

great number of cast iron square piles were driven. Very recently the

writer examined this pier. He found the cast iron in a most perfect state.

The angles of the piles Avere sharp, and the surface as smooth and as

sound as when the castings left the foundry. The piles, as usual, are

covered with shell-fish, which keep the surfaces moist during ebb tide.

Kot more than one-half of the wliole piles in the pier are of iron

;

those of wood are either cut through by the worm, or are under that

process of destruction. The timber piles have required constant re-

pairs and renewals. Upon the cast iron not a shilling has been ex-

pended. The pier, in consequence of the destruction of the timber,

which is immersed in the sea, is in a most dangerous condition. Had
Mr. Telford, in the first instance, selected cast iron for the piles of his

pier, the substructure would have been as sound to-day as when put
down in 1831. With the exception of the cast iron piling, which has

been under the action of sea water 23 years uninjured, this pier may
now be termed a ruin.

3Iargate Jetty.—A jetty erected at Margate in 1831 rested on tim-

ber supports fitted into cast iron piles. These piles did not stand suf-

ficiently high from the bed of the sea, and the lower portion of the

timber, exposed to sea water, was destroyed by the worm. In 1853,
nearly all of them were taken up and sold for old metal at the price of

pig iron ; and in the same year, a new iron pier, resting on cast iron

piles, was erected by Messrs. J. B. and E. Birch. A number of the

old piles, after having been immersed in the sea water for upwards of

20 years, were last year to be seen on the pier at Margate. The writer

has carefully examined them ; they are as sound as when they left the

foundry; in no instande can any softening of the metal be detected.

A still stronger proof, however, is to be found in some of the cast iron

piles of the old jetty, which are still in situ at the head of the present

jetty. In these piles no deterioration whatever can be discovered. The
shell-fish with which they are covered form a perfect protection against

oxidation. These piles have stood in the sea during BO years, and are

perfectly uninjured.

If, then, numerous and undoubted examples of cast iron do exist

which have withstood tiie action of sea water, without any deteriora-

tion, for upwards of a quarter of a century, we must come to the con-

clusion, that where cast iron has been injured or decomposed in open
sea water within a less period, the cause is to be found chiefly in the

quality of the iron not being suitable for the work in which it is placed.

The power, therefore, of various classes of cast iron to resist the action

of sea water, will vary according to quality.

The cast iron used by Mr. Murray in the dock gates of Sunderland
may be cited in proof of the foregoing statement. After an immersion
for some years, the rollers under the gates were found to have been

28*



330 3Iechan{cs, Physics, and Qhemistry.

acted upon by sea water, but other portions of cast iron placed in the

body of the gates remained uninjured. As the rollers had to be turned

in the lathe, they were doubtless cast of soft material, but the other

portions of cast iron, not requiring to be cut by tools, were of harder

metal. The former gave way, but the latter remained perfect.

The words east iron admit of almost the same latitude of signification

as the word timber. Because we dare not use poplar on account of its

liability to decay, it does not follow that no structures are to be erect-

ed of other qualities of wood.

At a meeting of the Institution of Civil Engineers (February 13th,

1844), Mr. J. Simpson stated, that with good grey cast iron, having

a good surface, little injurious effect from the sea water was to be

dreaded. He also stated that he was then about to use cast iron ex-

tensively for piles, and that he had examined cast iron piles which had
been in sea water for 16 years without any detrimental effect being

produced.

It appears that the action of sea water is powerful in the greatest

degree when the iron is composed of large crystals, and especially

when there is irregularity in the crystallization. It ma}' be said that

the softer the iron the greater is the liability to decomposition.* Be-
tween the limits of extreme softness and decay on the one hand, and
extreme hardness and durability, with brittleness, on the other, we
have to make the selection. It has been statedf that chilled cast iron

corrodes faster than green sand castings, that all castings intended for

use in sea water should be cooled in the sand to insure uniformity in

the crystals, and that Welsh iron is the best. From a careful investi-

gation of the subject, the writer has arrived at the conclusion, that a

strong description of cast iron may be employed, capable of enduring

the action of sea water for an indefinite length of time.

In cases where, from the use of an unsuitable quality of iron, or

from contact with some other metal (such as lead or copper), soften-

ing of the iron has taken place, it will generally be found that the

glazed skin produced by the sand of the mould in the process of cast-

ing, has been removed by tools, accident, or wear. An iron breakwater

can be erected witiiout any removal of this protecting glazed skin ; no

holes will be required to be bored, and no surfaces cut by tools.

As an instance of the detrimental effect of placing another metal in

contact with cast iron, it may be stated that the cast iron plates affix-

ed to ships bottoms (according to the proposition of Sir II, Davy) for

the protection of the copper sheathing, rapidly became softened.

* In Brande's Manu:\l of Clipmistry. (vol i. p. 754, cditi<in 184S.) the following remarks are made upon
cast ir.>u :—• Whit • c.vfi iron is very lianl. and when hrolieii, of a radiated texture. Acids act upon it but
slowly, and exhibit a texture composed of a congeries of plates, afti;! efjateil in various positions. Grey or
mottled cast iron is softer and less brittle; it may be bored and turned in the lathe. When iuinieised iu

dilute hydrochloric acid, it affords a large (luanlity of black insoluble matter, which D iniell om-iiders as a
triple compound of carbon, iron, and silicium, and whicli has some very singular properties. The tuxiure o£

the metal resembles bundles of minute needles."

In a paper inserted in the "Kdinbnrgh I'hilosophical Journal," (vol. vii. p. 201.) Dr. McCuUoch remarks,
that '"the blackest pig-aietal appears to yield the greatest quiintity of black-lead, and iu the most solid

state."

The "Mining .Journal," ofJanuary 11 th. 1862, under the head of " Artificial Plumbago," states, that "for

some time past, Dr. Grace Calvert, F K.S., has been engaged in experimenting upon the composition of a
carboniferous substance existing in grey east iron, or, to use a more popular definition, in producing plum-
bago from cast iron. The iffect if his experiments has been to arrive at results which throw much light

upon the chemical composition of the substance, proving it to be composed of iron, carbon, nitrogen, and
ailicium."

t Minutes of Proceedings, Institution of Civil Engineers, vol. i. p. 72 (Session 1840).
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Lecture on Force, Bj Prof. Tyndall, at the Royal Institution.

From the London Mechanics' Magazine, July, 1862.

CContinueJ from page 271.^

There is one other consideration connected Avith the permanence of

our present terrestrial conditions, which is well worthy of our atten-

tion. Standing upon one of the London bridges, we observe the cur-

rent of the Thames reversed, and the water poured upwards twice a
day. The water thus moved rubs against the river's bed and sides, and
heat is the consequence of this friction. The heat thus generated is in

part radiated into space, and then lost, as far as the earth is concern-

ed. What is it that supplies this incessant loss? The earth's rotation.

Let us look a little more closely at the matter. Imagine the moon
fixed, and the earth turning like a Avheel from west to east in its diur-

nal rotation. Suppose a high mountain on the earth's surface ; on
approaching the moon's meridian, that mountain is, as it were, laid

hold of by the moon, and forms a kind of handle by which the earth

is pulled more quickly round. But when the meridian is passed, the

pull of the moon on the mountain would be in the opposite direction

—

it now tends to diminish the velocity of rotation as much as it pre-

viously augmented it ; and thus the action of all fixed bodies on the

earth's surface is neutralized. But suppose the mountain to lie always

to the east of the moon's meridian, the pull then would be always ex-

erted against the earth's rotation, the velocity of which would be di-

minished in a degree corresponding to the strength of the pull. The
tidal-wave occupies this position—it lies always to the east of the

moon's meridian, and thus the waters of the ocean are in part dragged
as a brake along the surface of the earth ; and as a brake they must
diminish the velocity of the earth's rotation. The diminution, though
inevitable, is, however, too small to make itself felt within the period

over which observations on the subject extend. Supposing then that

vre turn a mill by the action of the tide, and produce heat by the fric-

tion of the mill-stones; that heat has an origin totally different from
the heat produced by another mill which is turned by a mountain
stream. The former is produced at the expense of the earth's rotation,

the latter at the expense of the sun's radiation.

The sun, by the act of vaporization, lifts mechanically all the mois-

ture of our air. It condenses and falls in the form of rain—it freezes

and falls as snow. In this solid form it is piled upon the Alpine heights,

and furnishes materials for the glaciers of the Alps. But the sun again

interposes, liberates the solidified liquid, and permits it to roll by gra-

vity to the sea. The mechanical force of every river in the world, as it

rolls toward the ocean, is drawn from the heat of the sun. No stream-

let glides to a lower level without having been first lifted to the eleva-

tion from which it springs by the mighty power of the sun. The energy
of w^inds is also due entirely to the sun ; but there is still another work
which he performs, and his connexion with which is not so obvious.

Trees and vegetables grow upon the earth, and when burned they give

rise to heat, and hence to mechanical energy. Whence is this power
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derived? You see this oxide of iron, produced by the falling together

of the atoms of iron and oxygen ; here also is a transparent gas which
you cannot now see—carbonic acid gas—which is formed by the fall-

ing together of carbon and oxygen. ' These atoms thus in close union

resemble our lead weight while resting on the earth ; but I can wind
up the weight and prepare it for another fall, and so these atoms can

be wound up, separated from each other, and thus enabled to repeat

the process of combination. In the building of plants, carbonic acid is

the material from which the carbon of the plant is derived ; and the

solar beam is the agent which tears the atoms asunder, setting the

oxygen free, and allowing the carbon to aggregate in woody fibre.

Let the solar rays fall upon a surface of sand ; the sand is heated, and
finally radiates away as much heat as it receives ; let the same beams
fall upon a forest, the quantity of heat given back is less than the fo-

rest receives, for the energy of a portion of the sunbeams is invested

in building up the trees in the manner indicated. Without the sun the

reduction of the carbonic acid cannot be effected, and an amount of

sunlight is consumed exactly equivalent to the molecular work done.

Thus trees are formed ; thus the cotton on which Mr. Bazley dis-

coursed last Friday is formed. I ignite this cotton, and it flames : the

oxygen again unites with its beloved carbon ; but an amount of heat

equal to that which you see produced by its combustion was sacrificed

by the sun to form that bit of cotton.

But we cannot stop at vegetable life, for this is the source, mediate

or immediate, of all animal life. The sun severs the carbon from its

oxygen ; tlie animal consumes the vegetable thus formed, and in its

arteries a reunion of the several elements takes place, and produces
animal heat. Thus, strictly speaking, the process of building a vege-

table is one of winding up ; the process of buihling an animal is one of

running down. The warmth of our bodies, and every mechanical ener-

gy which we exert, trace their lineage directly to the sun. The fight

of a pair of pugilists, the motion of an army, or the lifting of his own
body up mountain slopes by an Alpine climber, are all cases of me-
chanical energy drawn from the sun. Not, therefore, in a poetical,

but in a purely mechanical sense, are we children of the sun. With-
out food, we should soon oxidize our own bodies. A man wei<xhin2

150 lbs. has 64 lbs. of muscle; but these, when dried, reduce them-
selves to 15 lbs. Doing an ordinary day's work for 80 days, this mass
of muscle would be wholly oxidized. Special organs which do more
work would be more quickly oxidized: the heart, for example, if en-

tirely unsustained, would be oxidized in about a week. Take the

amount of heat due to the direct oxidation of a given amount of food

;

a less amount of heat is developed by this food in the working animal
frame, and the missing quantity is the exact equivalent of the mecha-
nical work which the body accomplishes.

I raiglit extend these considerations—the work, indeed, is done to

my hand—but I am warned that I have kept you already too long.

To whom, then, are we indebted for the striking generalizations of

this evening's discourse ? All that I have laid before you is the work
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of a man of "whom you have scarcely ever heard. All that I have

brought before you has been taken from the labors of a German phy-

sician, named Mayer. Without external stimulus, and pursuing his

profession as town physician in Heilbronn, this man was the first to

raise the conception of the interaction of natural forces to clearness in

his own mind. And yet he is scarcely ever heard of in scientific lec-

tures, and even to scientific men his merits are but partially known.

Led by his own beautiful researches, and quite independent of Mayer,

Mr. Joule published his first paper on the " Mechanical Value of

Heat" in 1843; but in 1842 Mayer had actually calculated the me-

chanical equivalent of heat from data which a man of rare originality

alone could turn to account. From the velocity of sound in air Mayer
determined the mechanical equivalent of heat. In 184-3 he published

his Memoir on " Organic Motion," and applied the mechanical theory

of heat in the most fearless and precise manner to vital processes. He
also embraced the other natural agents in his chain of conservation.

In 1853 Mr. "Waterston proposed, independently, the meteoric theory

of the sun's heat, and in 1854 Professor William Thomson applied his

admirable mathematical powers to the development of the theory ; but

six years previously the subject had been handled in a masterly man-
ner by Mayer, and all that I have said on this subject has been de-

rived from him. When we consider the circumstances of Mayer's life,

and the period at which he wrote, we cannot fail to be struck with

astonishment at what he has accomplished. Here was a man of genius

working in silence, animated solely by a love of his subject, and ar-

riving at the most important results some time in advance of those

"whose lives were entirely devoted to Natural Philosophy. It was the

accident of bleeding a feverish patient at Java in 1840 that led Mayer
to speculate on these subje<?ts. He noticed that the venous blood in

the tropics was of a much brighter red than in colder latitudes, and
his reasoning on this fact led him into the laboratory of natural

forces, where he has worked with such signal ability and success.

Well, you will desire to know what has become of this man. His mind
gave way ; he became insane, and he was sent to a lunatic asylum. In

a biographical dictionary of his country it is stated that he died there
;

but this is incorrect. He recovered, and, I believe, is at this moment a

cultivator of vineyards in Heilbronn.

June 20.

While preparing for publication my last course of lectures on Heat,

I wished to make myself acquainted with all that Mayer had done in

connexion Avith this subject. I accordingly wrote to two gentlemen

"who above all others seemed likely to give me the information which I

needed. Both of them are Germans, and both particularly distinguish-

ed in connexion with the Dynamical Theory of Heat. Each of them
kindly furnished me with the list of Mayer's publications, and one of

them was so friendly as to order them from a bookseller, and to send

them to me. This friend, in his reply to my first letter regarding

Mayer, stated his belief that I should not find anything very import-

ant in Mayer's writings j but before forwarding the Memoirs to me he
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read them himself. His letter accompanying the first of these papers

contains the following words :
—" I must here retract the statement in

my last letter, that you would not find much matter of importance in

Mayer's writings; I am astonished at the multitude of beautiful and
correct thoughts which they contain ;" and he goes on to point out

various important subjects, in the treatment of which Mayer had an-

ticipated other eminent writers. My second friend, in whose own pub-

lications the name of Mayer repeatedly occurs, and whose papers con-

taining these references were translated some years ago by myself,

was, on the 10th of last month, unacquainted with the thoughtful

and beautiful essay of Mayer's, entitled " Beitrage zur Dynamik des

Himmels ;" and in 1854, Avhcn Professor William Thomson developed

in so striking a manner the meteoric theory of the sun's heat, he was
certainly not aw\are of the existence of that Essay, though from a re-

cent article in " Macmillan's Magazine " I infer that he is now aware
of it. Mayer's physiological writings have been referred to by physio-

logists—by Dr. Carpenter, for example—in terms of honorable recog-

nition. We have hitherto, indeed, obtained fragmentary glimpses of

the man, partly from physicists and partly from physiologists ; but

his total merit has never yet been recognised as it assuredly would
have been had he chosen a happier mode of publication. I do not

think a greater disservice could be done to a man of science than to

overstate his claims : such overstatement is sure to recoil to the disad-

vantage of him in whose interest it is made. But when Mayer's op-

portunities, achievements, and fate are taken into account, I do not

think that I shall be deeply blamed for attempting to place him in that

honorable position Avhicli I believe to be his due.

Here, however, are the titles of Mayer's papers, the perusal of

which will correct any error of judgment i"nto which I may have fallen

regarding their author :
" Bemerkungen ilber die Krafte der unbeleb-

ten Natur," Liebig's Annalen, 1842, vol. xlii. p. 231; "Die Organ-
ische Bewecjuno; in ihrem Zusammenhano-e mit dem Stofi'-wechsel,"

Pleilbronn, 1845 ; "Beitrage zur Dynamik des Himmels," Heilbronn,

1848 ;
" Bemerkungen uber das Mechanische Equivalent der Wiirme,"

Heilbronn, 1851. J. T.

The 3IeUing of Steel

M. Alfred Sudre having proposed a new mode of melting large

masses of steel in a reverberatory furnace, his majesty the Emperor
directed experiments to be made on a large scale at his own expense,

under the direction of a committee composed of MM. Treuille, Colonel

of Artillery and Director of the atelier de j)recision of Paris ; Caron,

Captain of Artillery, Chief of the Chemical works of the same establish-

ment, and H. Sainte-Claire Deville, of the Normal School. These ex-

periments were executed under the eyes of this committee, who have-

established the favorable results in a report to his majesty, which we
thus condense

:

Attempts have been for a long time made to melt steel in a rever-
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beratory furnace
;
probably there is not a manufsxcturer of steel who

has not at least once in his life tried an experiment of this kind. Up
to this time every one has failed, owing to the almost immediate de-

struction of the furnace.

M. Sudre saw that this destruction was caused by the formation of

an oxide of iron by the flame in direct contact witii the steel, which

oxide combined with the silica of the bricks of the furnace, producing

a very fusible silicate of iron, and thus melting down the furnace at

the same time with the steel.

His problem then was to prevent the steel from contact with the

air by the interposition of a slag which should not alter either the steel

or the furnace-walls. This he solved by the employment of bottle glass

or the slag of a charcoal smelting-furnace.

The committee establish :

1st. That under this slag, the steel melts easily and rapidly with-

out losing any of its qualities.

2d. That by this mode 2000 kilogrammes (2 tons) of steel may be

melted at once in the same furnace.

8d. That in the present state of things, and notwithstanding certain

imperfections in the experimental furnace, there is a remarkable eco-

nomy, as well from the omission of the crucibles as from the want of

less fuel for a given quantity of steel.

4th. That furnaces constructed of fire-bricks resist only moderately

well, in consequence of the number of joints, and that there would be

an advantage in making the hearths and arches either of one piece or

of a number of pieces grooved together as in the hearths of copper-

furnaces. Cosmos,

The Great Foucault Telescope.

From the London Intellectual Observer, June, 1S62.

M. Leon Foucault has laid before the French Academy an account

of the great telescope constructed upon his principle for the Observa-

tory at Paris. He observes that his efforts to obtain large instruments

with reflectors of silvered glass could not be deemed completely suc-

cessful until he had reached dimensions exceeding those of the largest

achromatic objectives, and that it was only by way of establishing a

claim to the recognition of his plans that he announced the formation

of mirrors of 10, 20, and 40 centimetres in diameter. Now, he is able

to speak of one nearly 80 centimetres in diameter, having a focal

length of 4J metres,* which has been completed in the establishment

of M. Secretan. This mirror, mounted in a Newtonian telescope, has

been at work for three months at the Observatory, performing to the

entire satisfaction of the director, M. Chacornac.

The thick glass disk was cast in a curved form (bo7)ihe), at the fac-

tory of St. Gobain, in a mould prepared by M. Sautter, the director

of the works for the lenticular lighthouse apparatus, and although

possessing sufiicient homogeneity for its intended purpose, showed

* The metre is 39-3779 inches ; the centimetre 0-3937 of an inch.
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before it was silvered that a flaw had occurred during the process of

cooling. On its arrival at M. Sautter's workshops, it was reduced in

dimensions by bringing it nearer to the required shape, and by cut-

ting a groove to fix the mechanism necessary for its manipulation. It

then passed into the hands of M. Secretan's skilful operatives, who
ground it with a counter piece of glass, 50 centimetres in diameter,

assisted by emery and water. This process, which was frequently

tested by the spherometer, occupied a week, at the end of which time

a fine grained and exactly spherical surface was obtained. Having
been thus prepared, it was polished by hand, the polisher employed
being 22 centimetres in diameter, and covered with rouge. This po-

lishing was completed by one able workman in another week, and the

mirror was changed from the spherical to the paraboloid form. From
this moment its success appeared certain, and it was removed, with

the necessary tools, to the Observatory, to be optically tested, and to

receive the finishing touches.

The frame and stand were made by M. Eichens, the director of M.
Secretan's works. The telescope is suspended from its centre of gra-

vity by two trunnions, resting on two solid vertical columns. It pos-

sesses vertical and azimuthical movements, so that it only requires to

have its inclination adjusted to the latitude of the place in which it

may finally rest, to constitute a veritable equatorial. In consequence
of the complaints made by the French astronomers of the unfavora-

ble atmosphere of Paris, the new telescope will be placed in an obser-

vatory to be erected in the south, and specially devoted to original

investigations.

On the 28th ult., M. Le Verrier exhibited to the Academy a draw-
ing representing the double nebula in Canes Venatici—the wonderful
spiral formation of which was made known through the magnificent in-

strument at Parsonstown—as seen by the Foucault mirror. The Abbe
Moigno tells us that the drawing exhibits " incomparably more details

than those given by Herschel and Lord Rosse." If this be correct,

the Foucault telegraph must possess an enormous advantage over the

old form of reflectors, as the diameter of the new instrument is less

than half that at Parsonstown.

We understand that four-inch instruments of this description, in a

square mahogany frame, elevated or depressed by a rack movement
like that of a reading desk, may be had in Paris for XIO. They are,

however, liable to become tarnished, when they need an inexpensive
process of repair.

New Hegulator for Temperatures.

A committee of the French Academy of Sciences reports very fa-

vorably of a new automatic temperature-regulator which M. Eugene
Rollaud has attached to his Mechanical Roaster, and which, the com-
mittee say, has worked for eight years with the precision of a piece of

physical apparatus and the certainty of a practical machine.

The combustion of the furnace is regulated by balance valves on the
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pipes through which the air is introduced, which valves are automati-

cally governed by the regulator. This regulator consists of a mercury
gauge, the closed branch of which is attached to a fixed support, while

the cistern is freely suspended to the beam of a balance ; the varying

weight in this branch will cause the beam to assume different positions

depending on the temperature of the apparatus, which variation of

position may be used to govern the valve. In order to prevent the

barometric changes from affecting the apparatus, the closed end of a
syphon barometer whoso tube is of the same diameter with the gauge,
is attached to the beam, while its cistern is sustained by the fixed sup-

port. The barometric changes will then affect these two instruments
equally and in opposite directions, and will consequently have no eflect

on the position of the balance beam.

—

Comptes liendas of the Acade-
my of Sciences^ July, 1862.

For the Journal of the Franklin Institute.

Strength of Cast Iron and Timber Pillars: A series of Tables show-
ing the Breaking Weight of Cast Iron, Dantzic Oak, and Red Deal
Pillars. By Wm. Bryson, Civ. Eng.

(Continued from page 123.)

Solid Uniform Square Pillars of Dantzic Oak, Both Ends being Flat and
Firmly Fixed.

I.S

2
a
SCm

|--

m
Number

of

dianie-

ti'r.s

contained

in

tlie

Icngtli

or

hoiglit.

Value of w in tons
from formula

W = 10-95 -,
3

Calculated
breaking weight

iu ti)us from
formula

wc
Y = r- .w + fC

—_o

8 9 m 1I22-54 279-53 235-54 290
9 " 12 886-95 " 226-09 2-79

10 (< m 71842 " •

216 38 2.67

11 « 111 593-74 " 206-58 2-55

12 « 16 498-90 " 196-82 2-43

13 " m 425-10 " 187-20 2-31

14 " m 36C-54 " 177 82 2-19

15 K 20 319-30 (1 16S-74 2-08

16 « 2li 280-63 '• 16000 1-97

17 " 22f 248-59 " 151-64 1-87

18 " 24 221-73 << 143-6S 1 77
19 " 25i 199-01 " 136 12 1-68

20 « 26f 17960 " 128 97 1-59

21 " 28 162-90 " 122 22 1-50

22 " 29i 148-43 " 115-87 1-43

23 " 30f 135 80 " 109-8S 1-35

24 (C 32 124-72 " 104-26 1 28
25 " 33A 114-94 " 98-98 1-22

26 « 34f 10627 " 94-03 1-16

27 « 36 98-55 " 89-38 1-10

28 " 37i 91-63 " 8501 1-04

29 "
38f 85-42 i< 80-92 099

30 " 40 79-82 " 77-08 0-95

Vol. XLIV.—Third Series.—JNo. 5.

—

JNoveuber, 1862. 29
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Solid Uiiiform Square Pillars of Red Deal, Both Ends being Flat and Firmly Fixed,

|:|
iri

i
Calculated Value of W Calculated

C 2

% ^ .5 c M breaking weight
in tons breakina; weight X -

'"' ." E "^ 'S r ^• in tons from from formula in tons from t. =
o « % S = I'I'?«

formula o formulit
p-l

O.H
o c

S- ii '^ "-

11.2 5
-'< a

r- T= r-.

8 9 10-J 800-64 238-14 194-70 2-40

9 " 12 632 61 " 185-70 229
10 "

13^ 61241 « 176 58 2-18

11 "
14f 423 48 <( 167-49 2-06

12 « 16 355-84 « 158-55 1-95

13 « \n 303-20 u 149-86 1-85

14 " m 261-43 " 141-48 1-74

15 " 20 227-73 l< 133-46 1-64

16 " 21^ 200-16 " 125-84 1-55

17 " 22^ 177-30 i( 118-63 1-46

18 " 24 158-15 <« 111-83 1-38

19 t( 25i 141-94 « 105-45 1-30

20 i<

26f 128-10 (1 99-46 1-22

21 <( 28 116-19 « 93-86 1-15

22 '« 29i 105 87 (' 88-62 109
23 "

30f 96-86 (( 83-73 1 03
24 u 32 88-96 «< 79-17 097
25 " 33i 81-98 « 74-92 0-92

26 «
34f 75-80 « 70-95 0-87

27 " 36 70-29 « 67-25 083
28 " 37i 65-35 " 63-79 0-78

29 "
38f 60-92 t( 6()-56 0-74

30 (I 40 56-93 « 0-70

Solid Uniform Cj'lindrical Pillars of Dantzic Oak, Both Ends being Flat and Firmly Fixed.

op.

„ c-s
.2 --3

Calculated
breaking weight ^

Calculated
breaking weight

S g
5""

5 Si-"
S £ "-^ -^

5 o C ^

in tons from
formula

w = 6-71?*
l2 .

Value ofw
3
[3

in tons from
formula,

weY= r- .

w-l-Jc

"ti.S 3

8 9 lOf 687-87 219-54 177-13 2-78

9 12 543-5

1

" 168-49 2-64

10 ]3^ 440-24 K 159-78 2-51

11 14f 363-83 l< 151-14 2-37
12 16 305-72 << 142-69 2-24

13 17^ 260-49 «< 134-51 2-11

14 " 18f 224-61 <( 126-67 1-99

15 20 195-66 " 119-21 1 87
16 211 J7I-96 " 112-15 1-76

17 22f 152-33 « 105-50 1-65

18 24 135 87 << 99-25 1-56

19 25i 121-95 11 9341 1-46

20 26f 11006 " 8795 1-38

21 28 99-82 « 82-86 1 30
22 29i 90-95 " 78-11 1-22

23 30f 83-22 " 73-70 1-15

24 32 76-43 <l 69-60 1-09

25 33i 70-43 " 65-77 1-03

26 34^ 05-12 l( 62-22 0-97
27 36 60 39 " 58-91 0-92

28 37i 56 15 « 55-82 087
29 38f 52-34 0-82
30 40 '48-91 0-76
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Solid Uniform Cylindrical Pillars of Red Deiil, Both Ends being Flat and Firmly Fixed.

_g

c ^

a

a

o
B

1

|S.2S
'A

Calculated
breaking; wei^Ut

in tuns froiu

formula

\T = 4-79 -
\?

Value of TV.
o

a)

Calculated
breaking weight

iu tmirt from
formula

we
^= —^-.

c 2
"".3

fa
"^ a— o

c "

8 9 10* 491-04 187-03 145-47 2-28

9 12 38799 i( 137-37 2-15

10 13i 314-27 >< 129-31 2-03

11 I4f 259-72 << 121-44 1-90

12 16 218-24 « 113-85 1-78

13 m 18595 « 106-61 1-67

14 18f 160-34 « 99-76 i.-56

15 20 139-67 « 93-31 146
16 21^ 122 76 (( 87 29 1-37

17 22f 108-74 « 81-67 1-28

18 24 96 99 «( 76-45 1-20

19 25i 87-05 « 71-62 1-12

20 26f 78-56 (< 67-14 1-05

21 28 71-26 <( 63-00 0-99

22 29i 64-93 « 59-18 0-93

23 30f 59 40 « 55-64 0-87

24 32 54-56 (( 52-37 82

25 33i 50-28 « 49-35 0-77

26 34f 46-48 73

27 36 43-11 0'f)7

28 37i 40-08 0-63

29 38f 37-36 0-58

30 40 34-91 0-54

Extract from the Scientific American. '

O. B. M. in his article entitled "A Practical Inquiry into the Cause of the Fall of the

Pemherton Mill," says:

"The cause of the fall of the Pemberton Mill has excited considerable speculation by

some at a distance from the scene of the disaster, who are not well or correctly informed

with all the details of facts in connexion with the coastruction of the Mill. I therefore

propose to state some things which seem to be important facts concerning the cast iron

pillars or columns and pintles, and their calculated strength, which are not generally

known, and do not appear in the evidence before the coroner's jury."

"A distinguished engineer, before the coroner's jury, gave the breaking weight, ac-

cording to Hodgkinson's rule, for a pillar 6 inches in diameter at bottom, 5j at top,

I of an inch thick and 12 feet long, 221 tons; in which calculation he is correct for a

pillar of those dimensions, with flat ends firmly fitted at top and bottom, as Hodgkinson

describes. But that size and length of pillar does not come in, in this case; nor any

others for which the gentleman gave the breaking weight. He gave the breaking weight

for pillars of the given dimensions, whicli he calculated for another mill, as analogous
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to those of the Pemherton Mill ; but the dimensions of the pillars materially differ. It

is a little singular that he was not requested to calculate the strength of the pillars un-

der investigation; but it does not appear that any calculations for the breaking weight

of the columns of the Pemberton Mill were before the jury. The largest pillars were in

the first story or weave-room, and measured 6 inches in diameter at the base, 5 inches

in diameter at the smallest part near the top, 5J inches in diameter at the middle, 12^

feet long, and their mean thickness J of an inch. The formula by the above author for

the breaking weight, is 44*3 X (^5-53 6—4-253-6j-r-12-5'''' = 169 tons breaking weight

for the largest pillars, instead of 221 ; assuming that the ends were flat and firmly fitted

at the top and bottom, which is not always done, and was not so in this case. Now ac-

cording to Hodgkinson's experiments, pillars will sustain about three limes as much

weight when firmly fitted with flat ends, with disks or otherwise, than similar pillars with

hemispherical ends capable of turning; or when the pressure is applied diagonally to

pillars with flat ends. The bottoms of the pillars in this case were turned ; but the pin-

tles upon which the pillars rested were not turned or fitted at either end. The lower

ends of the pintles (3 inches in diameter) rested on iron washers of the same diameter

and I of an inch thick, and enough of these were put under the pintles to bring the

timbers up to the proper height; the greatest number I noticed under one pintle was five."

"The pintles stood upon a base of washers 3 inches in diameter, which amounts to

about the same as standing on rounded ends, for which we shall see a different ru'e is

given. The pillars stood on the flanches of the pintles; the rough edges of the tops of

the pillars were chipped off, and the plate 12 inches in diameter (not turned) rested on

the pillars, and the timbers rested on the plate; many of the pillars were observed to

touch at the top and bottom only on a part of their circumference when they were

set up; and probably a very few, if any, had a complete bearing at both ends. In fact

they stood upon a sort of 'centre.' It is clear, therefore, that the formula which the

author gives for pillars with flat ends firmly fixed, does not apply in this case. But

he gives another rule for pillars with rounded ends and capable of turning, or for those

where the pressure is applied diagonally to pillars of flat ends, which it seems is the only

safe rule to use in the case before us; he uses the co-efficint 13 instead of 44-3. It is

as follows:— 13x(5-536—4-253-S)-M2-5'-'' = 49-6 tons, the breaking weight of the

largest pillar in the Pemberton Mill. From a nnmber of experiments of long continued

pressure, it appears that it is not safe to load pillars more than 5- of their breaking weight.

The experiments were made where every thing was still ; but for the pillars of a mill, with

their continued jarring and oscillating motion caused by the machinery, though it be ever

so little, the above weight is rather large. But the pillars in the second story were less

able to sustain the weight on them than those in the first story. I find them 5| inches

in diameter at the bottom, 4^ at the small end, 4 15-16ths inches at the middle, with a

mean thickness of f of an inch, and 11 2- feet long. We will apply the rule for pillars

not firmly fitted at the top and bottom. And 13x(4-93753-6_3-68753-0j-t-1 1 S'-^ = 40

tons, their breaking weight. The weight they should permanently bear should not ex-

ceed 10 tons; and the weight they sustained, or were liable to sustain (though this room

was more heavily loaded than those above), we cannot safely estimate at less than 18

tons."
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Tables showing the Breaking Weight or the Calculated Strength of Pillars of similar

dimensions as those Pillars referreiJ to in the case of the Pe:nberton Mill— by several of

Mr. Hod;jk.inson's formula.

Hollow Uniform Cylindrical Pillars nf Cast Iron, Both Ends being Flat and
Fir/Illy Fixed.

o u
i Calculated 1 =

.c
_^ o o 2-3 J Value of tr o breaking weight C-.2

~ ? a a |2Ii, In tins from o in ton.'" frum - ?
~ a J 2

•TS — - .

formula = formula c.^ i
-- y

:r u '°|^|i •3 .=
" a

c a,c

^ I '^~ 1,3 55_ 4 3.f5

TV 11-3 i

P-^ tl

-

l1-7

,J 'A >H z M

12 5-75 4 5 25-04 18762 49308 165 96 16-49

12 5-875 4625 24-51 199-41 505-1 1 174-19 16-89

12 6- 4-75 24- 211-66

I,3.6_rf3.6

517-13 182-57 1730

12 575 4-5 25-04

111

206 38 493-08 170-61 17 55

12 5-875 4-625 24-51 219-61 505-11 185 36 17-98

12 6- 4-75 24- 233-36 517-13 194-26 18 40

12 5-75 4-5 25-04 193-63 49308 169-45 16-84

12 5 875 4-625 24-51 205-56 505-11 177-67 17-23

12 6- 4-75 24- 217-93. 517-13 186-04 17-62

Hollow Uniform Cylindrical Pillar 5 of Cast Iron, with Both Ends being Rounded or Irregularly Fixed.

Calculated
breaking weight

in tons from
formula

D3-6_rf3-6
^ = ^='—[w-

12 5-75 4-5 25-04 60-56 6-01

12 5-875 4-625 24-51 64-44 6-25

12 6- 4-75 24- 68-48

i)3-76— ^3.:a

6-48

12 5-75 4-5 25-04 82-29 8-17

12 5 875 4-625 24-51 87-76 8-51

12 6- 4-75 24- 93-75 8-88

Mean Bre;iking Weight from the above results:

Plat Ends and Firmly Round Ends or Irregu- Ratio of

Fixed. larly Fixed. Strength

Pillar. Per sq. inch. Pillar. Per sq. inch.

12 5-75 4-5 25-04 170-67 16-96 71-42 7.09 2-3S

12 5-875 4-625 24-51 179 07 17-37 76-10 7-38 2-35

12 6- 4-75 24- 187-62 17-77 81-11 7-68 2-31

Hollow Uniform Cylindrical Pillars of Cast Iron, with Both Ends being Hounded or Irregularlj' Fixed

1
Calculated

•~

Calculated weight of breaking weight |-|l
metal contained in tons from

in the pillar

in lbs.

formula

32 00 n ^

12 5-75 4-5 25-04 377-77 63-85 6-84

12 5-8751 4-625 ' 24-51 386-98 73 27 7-10

12 6-
1
4-75 24- 396-19 77-85 7-37

29"
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.

^ a

||
Hi

2.2

1 c

;2

Value of w
in tons

from furmula

d3-55 (^3-55

Calculated
breaking -n'eight

in tons from
formula

we

— n

La
S a
-.2

ul
C to^ « -1

Ll-J
> w+?e'

12-5 5- 3-75 30- 117-34 420-92 114 05 13-27
« 5-5 4-25 27-27 1.54-23 469-02 142 96 14-93

6- 4-75 25- 197-47

D3.6_rf3.6

517-13 174-46 16-53

« 5- 3-75 30- 12809 420-92 121-49 14-14
« 5-5 4-25 27-27 169-25 46902 152-36 15-91
a 6- 4-75 25- 217-71

T)3-5_,i3.5
^ = 42-347—^^j;^

517-13 185-92 17-61

<( 5- 3-75 30- 122-40 420-92 117-60 13-69
« 5-5 4-25 2727 160-03 469-02 14665 15-33
« 6- 4-75 25- 203-90 517-13 178-19 1688

Both Ends being Rounded or Irregularly Fixed.

Calculated breaking weight in tons from formula

12'5 5. 3-75 30-

T>3-6_rf3.6

37-58 4-37
" 5-5 4-25 27-27 49-66 5-18

6- 4-75 25- 63-89

b3-76_,73 76

6-05

(( 5- 3-75 30- 49-83 5 80
" 5-5 4-25 27-27 66-96 6-99
« 6' 4-75 25- 87-47 8-28

Mean Bre iking Weight from the above results.

12-5 5- 3-75 30-

Flat End^ and Firmly
Fixed.

Round Ends or Irregu-
larly Fixed.

Ratio of

Strength

Pillar.

117-71
Per .sq. inch.

13-70
Pillar.

43-70
Per sq. inch.

5-08, 2-69
«< 5-5 4-25 27-27 147-32 15-39 58-31 609 2-52
<( 6- 4-75 25- 179-52 1700 7568 7-18 2-37

Both Ends being Rounded or Irregularly Fixed.

Calculated weight of

metal contained
in the pillar

in lbs.

Calculated
breaking weight

in tons from
f.irmula

d3.0_ rf3-6

p. c -
~ — "'

xi,

="•£ -1 %

12-5 5- 3-75 30- 335-92 42-73 4-97

" 5-5 4-25 27-27 374-31 56-46 5-89

" 6- 4-75 25- 412•70 72 63 6-88
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.

is

= 1
pa

U

ij

1-2

a

•5-3 fa

let

Talu? of w
in tons

from formula

D3-55 (7 3-55w— 11-31

Calculated
breaking weight

in tons from
formula

wc
w + ic

"". 3
•^ a
t.
—

'

— 3

l'-' >

115 4-5 3-25 30-66 99-58 372-81 97-90 1286
" 4-9375 3-6S75 27-94 130-40 414-91 122-52 14-47
« 5-375 4-125 25-67 166-43 457-00 149-37 16-01

« 4-5 3-25 30-66 10806 372-81 103 92 13-65
« 4-9375 3-6875 27-94 14-2-23 414-91 130-15 15-37
•< 5-375 4-125 25-67 182 39

I>3.5_rf3.5w_ 42-347 ^1^

45700 158-72 17-01

<i 4-5 3-25 30-66 103-87 372-81 100-93 13-27
« 4-9375 3-6875 27-94 135-31 414-91 125-73 14-84
(i 5-375 4-125 25-67 171-90 457-00 152-64 16 36

BothEnds being Rounded or Irregularly Fixed.

Calculated breaking weight in tons from formula

I>30_rf3.6w — 13
Ll-T

11-5 4-5 3-25 30-66 31-71 4-16

(t 4-9375 3-6875 27-94 41-74 4-92

t( 5-375 4-125 25-67 5352

Li-7

5-73

« 45 3-25 30-66 41-26 5-42

« 4-9375 3-6875 27-94 55-21 6-52

« 5 375 4-125 25-67 71-87 7-70

Me an Breciking Weight from the above results.

Flat Ends and Firmly Round Ends or Irregu-

Fixed. larly Fixed.

Ratio of

Strength

Pillar. Per sq. inch. Pillar. Per sq. inch.

11-5 4-5 3-25 30-66 100-93 14-57 36-48 4-79 2-76

« 4-9375 3-6875 27-94 126-13 14-89 48-47 5-72 2-60

K 5-375 4-125
1

25-67 153-57 16-46 62-69
J

6-72 2-44

Bot h Ends being Rounded or Irregularly Fixed.

Calculated weight of

metal contaiued

in the Pillar

in lbs.

Calculated breaking
Weight in tons
from formula

d3-6— d3 6

W= 14-78^1.,-

fa

M H.3 .

11-5 4-5 3-25 30-66 273-73 36-05 4-73

<( 4-9375 3-6875 27-94 304-63 47-45 5-60

(( 5-375 14-125 25-67 335-54 60-85 6-52
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Hollow Uniform Cylindrical Pillars of Cast Iron, Both Ends being Flat and
Firmly Fixed.

-w • U ^ a. a .

"Sj ^ g -M — -^ Calculated

li
a .

.s s

a, iD
Value of w in tons

from foiimila C
breaking weight

in tons fiom
o_a '5'S "^o "^o = "o formula— a

c — c .r J 1,3-55 (fZib

g o
£.2

cM
i -S ^f-

W = 41-0 4^-^,/- _ VI c
^~

-(v + |e

;S

12 5 5-5 4-5 27-27 131-07 384-84 120 18
" " 4-75 " 104 37 295-85 94-64
" « 5- " 73-84 202-04 6619
" (( 5-125 " 57-10 153-33 50-87
<( u 5-25 u 39-15 103-42 34-69

Both Ends being Rounded or Irregularly Fixed.

Calculnted hroaking
wcij^lit in tons
from forniul.'i

Flat Ends from the Ratio of

1,3-76 _ rf3-76
above results. Strength.

^ ''-
U-7

12-5 5-5 4-5 21-21 57-15 120-13 2-10
" 11 4-75 " 45-71 94-64 2-07
" "

f)-
(( 32-49 66-19 2-03

a <( 5 125 " 20-15 50-87 2-02
" " 5-25 17-31 34-69 2-00

Both E nds being Flat and Fimily Fixed.

„• Calculated breaking
Value of w in tons o weight in tons

from foimula from formula
r,3-55 _ ^3 55 H w c

Ll-' > ^" w + Jc
11-5 4-9375 3-9375 27-94 111-61 341-55 103-65
" " 41 875 " 92-36 263-37 83-91
« <( 4-4375 <' 63-76 180-39 5778
" " 4-5025 " 4941 137-10 44-49
" « 4-6875 « 34-04 92-60 30-45

Both Er ds Rounded or Irregular ly Fixed.

Calculated breaking
weislit in tons
from formula Flat Ends from tbe Ratio of

D3-70 (73-70 above results. Strength.

^V=13 ^j;^—

11-5 49375 3-9375 27-94 47-47 103-65 2-18

" «» 4-1875 " 38'26 83-91 2-19

« (( 4-4375 " 27-39 57-78 2-10

(1 «t 4-5625 " 21-29 44-49 2 08
" (( 4-6875 '* 14-70 30-45 2-07

Taking the mean diameter of a diminishing or tapering pillar to be

the correct rule, then according to Mr. Hodgkinson's formulae for the

breaking weight of hollow uniform cylindrical pillars of cnst iron Avith

flat ends and firmly fixed, and with rounded ends or irregularly fixed,

we have the breaking weight for each of the pillars referred to in the

Pembertoii Mill as follows

;

I
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^•
.

j; J
9 c

-3 •3

c

X =

Flat Ends and Firmly
Fixed.

R-unded Ends or Irregularly
Fixed.

Calcn latrd Vrcsking
wci;:lit in tons

from formulas

D3-55—,;3.»5
-W = -WW —^.

"
!

-A — ' - w - 3 c J.

12- |5 875
12 5 l5-5

11 5:4-9375

4-625

4 25
3-6875

174 19

142-96

122-52

16 89
14-93

14-46

CalcHlated brpaking
weight in tons
from formula

87-76

6690
55-21

8 51 I 9S

6 99 2-13

6-52 2-21

For the approximate Breaking Weight.

12- 5-875 4625
12-5 5-5 4-25

11-5 4 9375.3-6875

w = 44-
1)36 _rf3G

^^^^

TV '

w — Jc

185-36

152-36

130-15

17-98

15-91

15-37;

13
p3-6_ rf3-6

64-44

49 66
41-74

6-25

5-18

4-92

2-87

3-06

311

The following communication and accompanying diagrams have

been forwarded to me by Charles Mettam, Esq., Architect and Civil

Engineer, 429 Broadway, New York :

—

Wsr. Brtsox, Esq., Architect and Civil Engineer, Chicago, 111.

Friexd Brtsox :—At your request, I send n^ou a diagram of my mode of construc-

tion of Pillars for large Buildings when weight is to be carried and vibration sustained

—I have also laid down the construction of the "Pemberlon .Mill" from the diagram

you sent me as Fig. 6.

I give you five figures of ray construction. Fig. 1, the dowel or/>?'?2//e c, is movable and

separate from the pillars a and b as in the mill construction, so as to be easily at all

times handled in setting. The end which is in connexion with the pillar a forms a

socket joint, the shoulder of same resting in a line of bearing with the pillars A and b, the

end in connexion with the pillar b, forms a socket joint in itself and receives the end of

the pillar b in a secure manner. Figs. 2 and 3 have their dowels d as part of the pillars A A.

Fig. 2 has a socket joint in connexion with the pillar B,the same as Fig. 1. Fig. 3 has

only one shoulder at its connexion with the pillar b, and dowel d, yet it will be seen

that it is held securely in its place, and in direct line of bearing.

The Figs. 4 and 5 are of somewhat the same construction with the exception of the

chairs d, which are light and therefore easily handled. In Fig. 4 the chair forms the

socket joints for the pillars a and b.

In Fig. 5 the chair d forms only one socket-joint, which is for the pillar b, and is se-

cured by a bolt to the head of the fixed dowel i> of the pillar a.

The letters p and e refer in all cases to wood girders and beams, and the letter a to

the flooring of the same material.

You will see from the diagrams 1 to 5 that the line of bearing is carried up in a ver-

tical line, that no pillar or dowel is out of the line of bearing, which I consider of vital

•importance, also that the cores in all run straight through the pillars, which is not the
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case in the "Mill" pillars at o o. The caps of Figs. 1 to 5 form a shoulder or bearing

for the girders p, while the dowels c and d n i) pass through in the usual manner.

In the construction of the "Mill pillars" to my mind there are many fatal and dan-

gerous points which I will point out to you, although I am quite confident your own

practical eye has long before this detected. In the first place, let us look at the Fig. 6,

and what must strike tJie mind of any practical person is the total disregard of the laws of

gravity in its whole construction. I have dotted the line of bearing, which will be seen

to pass inside the pillars a and b. As the dowel c has to sustain the weight of the

load on the pillar b which rests on the cap plate b, at which point it stands clear of any

direct line of support from the pillar a. In the next place the base plate t receives the

pillar B, and here the load is 1^ inches outside the direct line. And lastly, the cap of

the pillar a at go to my mind is weaker than any other part of the pillar. It must be admit-

ted by all that castings of this kind are not at all times perfect, and any imperfections at

the part o o, which may or may not have been the case in the "Mill" construction.

Yet from this formation it must be considered as the most likely parts to give out or frac-

ture in case of any settlement or sudden fall of any heavy weight, which is most likely

to have been the case when we take into consideration that none of the pillars were turned

off, only chipped off by hand. In this way the whole load of one entire tier of pillars

and the section of the building depending on them may have rested on one square inch or

much less. Yet I cannot divest my mind in examining the section of Fig. 6 at o o how

neglectful those in charge were either from inattention or from inability of the knowledge

of the operation of gravity, as all mechanical perfections of scientific building is the re-

sult of a clear and perfect knowledge of the operations of gravity, and from the ability

to direct their course in the weight or downward tendency of the materials and the ac-

tive force of such a building as the Mill.

It may be hard to trace to any one person solely the cause of the fall of the building.

Yet it is quite clear that pillars of such pattern were wholly unfit for. such a structure,

even admitting the castings to be perfect. 1st. Why were the Pillars not turned off so

as to fit close together in every part] 2d. Why was the pillar b, 1^ inches outside of

the line of bearing of the dowel c ? 3d. Why was the dowel c put standing in the cen-

tre of the cap plate i, solely and wholly depending on this plate for support? And lastly,

why was the core of the pillar a made so at o o ?

It may be that the contractor for the iron work had this pattern by him, and used it

without giving it a moment's thought, and lo ! for want of that moment's thought, what

sorrow and desolation it has caused to many a poor family, not to mention the horrid

death of most of its victims.

You must have met such patterns as Fig. 6 ; I know from myself that there aremany

and made solely in order to save iron.

Yours, most faithfully,

May, 1863. Signed. Chas. Mettam.
(To be Continued.)

I

Tensile Strength of Iron.—At the end of the case of iron manu-
factures from the Round Oak Iron Works of Lord Dudley (332 Lend.
Exhib.), is a piece of cold rolled plate, havino; a sectional area of one

square inch, that was tested at the government dockyards, and was
found to support the enormous strain of upwards of fifty tons before

it broke. This inch bar of iron would have supported a greater weight

than that of 700 persons.

—

Intellectual Observer, June, 1862.
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For the Journal of the Franklin Institute.

0)1 Surface Condensers. By Mr. William Sewell.

Extracts from the Steam Log of the Ste:imer John L. Stevens, of the Pacific Mail Line.

The steamers Sonora and John L. Stevens, of the above named
line, owing to the surface condens-ers giving out (the tubes being of

but 16 oz. copper), thej were run for a time with the jet condensers,

using salt water only.

The following is from the steam log of the John L. Stevens, taking

five trips with and five without the surface condensers

:

With Surface Without Surface

(.'ondcnser. Condenser.

Whole running ti me, 63 days 6 hours. 64 days 14^ hours.

Coal consumed, 2009 tons. 2191 tons.

Oil expended, 302 gallons. 630 gallons.

Tallow, 205 lbs. 625 lbs.

Difference in favor of Surface Cond enser.

Li time, I d >y 8^ hours. In oi , . 328 gallons.

coal, 182 t( ns. ta low, 420 lbs.

The condenser used was too small, and furnished but one-half, or

one boiler out of two with fresh water. If the supply had been full,

twice the above saving would have been realized, making the saving

in coal 18 per cent., and the increase in the speed of the vessel more

than four per cent.

The following is a comparison of the practical operation, and of the

powers required to work the air-pump, when connected with a surface

and with a jet condenser ;

To condense steam and form a vacuum in the condenser of a steam

engine, the heat in the steam must be extracted or absorbed. This is

done by bringing it in contact with a sufficient quantity of cold water

or cold metallic surfaces.

In the jet condenser the steam is mixed with the condensing Avater,

\vliich absorbs the heat contained therein, and from which the boilers

are supplied. If salt water is used to condense the steam, the boilers

are supplied with the same.

In the surface condenser the condensing water is made to pass or

flow through thin metal tubes by a small pump or other device, under

a pressure of from 1 to 2 lbs. per square inch, which takes less than

one per cent, of the power of the engine to operate it.

'J^lie steam is not mixed with the salt water as above, but is admit-

ted to the outer surfaces of these thin metal tubes, which absorb the

heat and condense it into pure fresh water. This water is taken by
the feed-pump at each stroke of the engine, and returned to the boil-

ers, and being the exact quantity taken from them in the steam, is

the exact quantity necessary to keep them supplied, and which insures

greater safety than when the supply of water depends upon the labor

and danger of neglect of a water tender, serious accidents having oc-

curred from such neglect.

The quantity of water necessary to condense a certain quantity of

steam varies as the temperature thereof, the colder the water the less
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quantity is necessary, being from 15 to 45 times that contained in the

steam.

Ordinary water contains a certain quantity (said to be 5 per cent.)

of atmospheric air. With the jet condenser this is admitted with the

water to condense the steam, but being permanently ehastic is not con-

densed, but expands into a hirge volume in the vacuum space, and

impairs the vacuum. All this has to be discharged by the air-pump

against the pressure of the atmosphere of some 14 to 15 lbs. per

square inch.

In Avarm climates large quantities of water are necessary, owing to

its high temperature, and a proportional large quantity of air enters

with it, and requires a large air-pump to discharge it. To relieve the

engine of this enormous load, it is found to be of advantage to use

less injection water to condense the steam, and consequently get less

vacuum; the loss of power from this cause being less than when the

air-pump is overloaded.

This air and water is not admitted into the vacuum space of a sur-

face condenser ; only the water contained in the steam (being only

from Jgth to Jgth part that required above) is to be discharged by the

air-pump ; consequently a very much smaller one is sufficient to obtain

as good and generally a better vacuum. There is a larger cooling sur-

face exposed to the steam, the condensation is more instantaneous,

and the maximum vacuum is sooner formed at the end of each stroke

of the engine.

The power to work the air-pump independent of the friction, varies as

the quantity of water discharged by it. In middle latitudes, with a mo-
derate temperature of the water used to condense the steam, the power
required to operate the air-pump is allowed to be 10 per cent, of the

power of the engine when attached to a jet condenser.

From the foregoing it will be seen how much less power is necessa-

ry to operate the air-pump when connected with a surface than with

a jet condenser. If but one-half is saved, it is 5 per cent, of the entire

power of the engine.

Estimate of the value of the gain referred to.

1st. As before stated, less power necessary to work the air-pump, '05

2d. The heat lost in tlie liot water blown out to keep the boilers

even partially clean, "12

3d. The heat lost by incrustation on the fire surfaces, in some
cases more than 20 per cent., '05

4th. A higher pressure of steam may be used and a greater benefit

obtained by expansion.

•22 per ct.

• Where the losses named above are prevented or saved, less coal and
boilers (and less water in them) will exert the same power, requiring

fewer firemen and coal trimmers, thereby saving in the daily expenses

of the vessel for coal, wages, and food.

If a certain vessel with a jet condenser requires 1000 tons of coal

per trip or voyage, with a surface condenser 800 tons will exert equal

power.

Vol. XLIY.—Third Series.— No. 5.—November, I8G2. 30
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And if the displacement of the vessel is 25 tons per inch of immer-
sion, she will draw 8 inches less of water, not counting the saving in

weight of boilers and water, and drawing less water will make greater

speed (as shown by the Jolui L, Stevens), and accomplish the distance

in less time.

Boilers using salt water burn less fuel when new and clean, than

when some time in use and covered with incrustation : they also re-

quire great labor to clean them. With fresh water they are always as

clean as when new.

From the foregoing, what is lost by using salt water in the boilers

is apparent.

The result, as shown in the steam log of the steamer John L. Ste-

vens, is taken from the actual practical operation at sea, during a pe-

riod of 64 to 65 days steaming, with each kind of condenser. The
boilers were only half supplied Avith fresh water, and only one-half

the benefit was realized that would have been if fully supplied. More-
over, the engines labored under the disadvantage of having to operate

two air-pumps, one of which had to discharge all the water used to

condense the steam against the pressure of the atmosphere, taking at

least 5 per cent, of the power of the engine more than with a close

plan of surface condenser. Yet with all these disadvantages there was
a saving of nine per cent, of fuel, and a gain of more than two per cent,

in the speed of the vessel.

There are boilers using fresh water that have been in constant ope-

ration from 15 to 20 years, requiring but little repairs during that

time.

Extra Cost of the Condenser.—Vessels fitted with two engines have

two air-pumps. When a surface condenser is attached, one is sufiicient

as an air-pump, the other to make the water flow through the tubes.

This pump, as before stated, works against a pressure of but 1 to 2

lbs. per square inch, instead of against a pressure of 13 or 14 lbs. per

square inch when used with a jet condenser. The other pump, although

used as an air-pump, has less than one-fourth part of the labor it would

have if used with a jet condenser, having only to discharge the watei*

contained in the steam.

By this arrangement there is no extra cost for pumps, but only for

the tubes and tube sheets for the condenser proper; and as less boiler

will exert the same power, the saving in cost will partly pay for the

extra cost of the condenser.

In ordinary business transactions 20 per cent, is considered a fair

profit, but the owner of a steamship using salt water in the boilers

pays for and carries in his vessel one-fifth or 20 per cent, more boilers

(and the additional water contained therein) than is necessary.

He also pays for each day the vessel is steaming for 20 per cent,

more coal than is necessary to exert the same power.

This extra coal is not only wasted, but it requires additional fire-

men and coal trimmers to take it on board and get rid of it, besides

taking up the freight room, and making the vessel draw more water,

thus lessening her speed.
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3Iomentum and Vis Viva. By D. Wood, Prof. Civ. Eng. University

of Michigan.

When we consider that eminent schohars have taken different views

upon the measure of the force in a moving body, it is not strange

that students, while yet in the elements of mechanical science, should

be at a loss to know whether the force varies as the velocity or as the

square of the velocity. They do not see why the momentum does not

express the force as well as the vis viva; or they fail to distinguish

between the nature of these two forces ; or they do not get a very

clear conception of either.

It is not my purpose in this article to enter into a discussion of the

measure of force, but to try to show clearly to students, the nature of

the above named forces by showing the office which each performs in

the same moving body.

Vis Viva, sometimes called "living force," is a mere conventional

term to express the product of the mass of a body multiplied by the

square of its velocity. It bears a direct relation to the work which

the moving body is capable of doing ; being just double the work. For
whatever be the work which it does or is capable of doing, we know
that the same amount of work may be expended in raising a weight
through a sufficient height.

Let w = the weight.

h = the necessary height.

M = the mass of w.

V = the velocity required in falling through h.

Then it is well known that w A => the work done. But from the law

v
of falling bodies, v = v/ 2 ^ A, or h= —.

.*. W/i= -7j—=iMV*.

But M v^= the living force ; hence the work which a moving body is

capable of doing is one-half the living force, or vis viva, of the body.

To work is to overcome resistance ; hence a body may move and do
no work. The fact that it has mass and moves, is evidence that it is

capable of doing work ; and if it changes its velocity it either performs
toork or has work expended upon it.

The force which is stored in a moving body, is a fo7'ce of inertia ;

hence it is equivalent to the force which would cause the body to move
from a state of rest to a velocity v, ivhen free to move without any re-

sistance. We see then that when a body is moved against any resist-

ance ; as air, water, or friction ; that the force which would give the

body a velocity V, may be divided into two parts ; 1st, that which di-

rectly overcomes the resistance of the air, water, and the like ; and,

2d, that which overcomes the inertia of the body ; and it is by know-
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ing the terminal velocity and the mass that -we are able to tell the

amount of resistance (in lbs. feet) that the body would overcome with-

out applying to it any additional force.

Before developing this idea further, let us turn our attention to the

subject of momentum. 3Iomentum is also a conventional name for the

expression m v. If we were permitted to call it a force, we would say

that it is also a force of inertia. It is also called " quantity of mo-
tion ;" for by knowing the masses of two bodies, elastic or non-elastic,

and the velocity of one before impact, we can find their velocities after

impact ; bodies being supposed to be free to move.

Now in order to show the office which each performs in moving bo-

dies, let us take a few examples.

Suppose two perfectly non-elastic bodies of equal mass (and conse-

quently of equal weight) move with equal velocities in opposite direc-

tions ; what will be their condition after impact?

Now because their momenta are equal, we know that they will de-

stroy each other's motion, and hence so far as their motion is concern-

ed they will be in a state of rest. And this is all that we can determine

from the principle of momentum. It relates to the motion of the

masses. But as a fact we know that before they came to rest there

was a compression of the two bodies, and hence work was done. The
amount of this compression depends upon the vis viva of the two bo-

dies. By momentum we decide that the bodies will come to rest,

•whatever be their velocities, provided that they are equal ; by vis viva

we decide that the amount of compression is directly proportional to

the square of the velocities. Vis viva pertains to compression, or more
generally, to the displacment of particles in respect to each other

;

hence it is sometimes called the penetrating power.

Suppose that the bodies are perfectly elastic ; then without any
knowledge of the principle of vis viva, we decide that the bodies will

have equal velocities after impact, but in opposite directions. By vis

viva we know as before, that the amount of compression is proportion-

al to the square of the velocities ; but on account of the elasticity the

vis viva (or work) is all restored, so that there is no loss of vis viva in

perfectly elastic bodies.

Suppose the bodies unequal, non-elastic, and move in opposite di-

rections.

Suppose A weighs 200 lbs. and has a velocity of 2 feet,

and B " 20 " " " " 20 "

required their condition after impact.

With regard to the motion of their masses, they will come to rest

;

for their momenta are equal ; being 200 X 2 = 20 X 20 =400 lbs. feet.

But the vis viva of A is proportional to 200 X 2^= 800,
" " B " 20X20'= 8000;

hence B performs 10 times the labor of A in producing the compres-

sion of the two bodies. This at first may appear paradoxical ; but two

considerations will enable us to make it clear.
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1st, It is possible for one body to do all the labor of compressing
both bodies ; thu.s, suppose one body moves against another at rest.

Now the body at rest has no vis viva (or work) stored in it, but the
moving body has ; lience it perforins all the work of compression.

2d, In the example under consideration ; if a can perform 10 times
the labor of B ; then A would penetrate a clay-bank 10 times as far as

B ; if the bodies were of equal size: now how can this be if they de-

stroy each other's motion by impact?
I think the difficulty disappears at once by observing that A has 10

times as many particles to bring to rest as B ; and hence B must per-

form 10 times the labor of A to bring them to rest.

It is worthy of notice that if the momentum of two bodies are equal,

then their vis vivas are inversely proportional to their masses. For we
have M V = m' v'

;

M
Substituting this value V in the expression for the vis viva, gives

MV^ I M / M'

M' Y" M' Y'" M

It is well known that if the impact of two non-clastic bodies takes

place while they are moving in the same direction, their momentum
after impact is the same as before, but there is a loss of vis viva. Now
this loss is expended in compressing, or otherwise disfiguring the bo-

dies.

Other illustrations might be given, but I trust that these will thro\r

some light upon the dark points which may have arisen in the mind
of some reader.

In the last example I said that the vis viva of A is proportional to

^00 200
200 X 2^; but the true value is X 2^ = .-—y 2^; and similarly for B.

Many writers use the weight for the mass too frequently, thereby pro-

ducing slight confusion. By making such free use of it, the student is

at a loss to know when it is necessary to use the mass.

On the Difference in the Properties of Hot-Polled and Cold-Rolled

Malleable Iron, as regards the power of receiving and retaining

Induced Magnetism of Subpermanent Character. By George
BiDDELL Airy, Esq., F. R. S., Astronomer Royal.

The author states that he had been desirous of examining whether

differences in the degree of change of subpermanent magnetism, such

as are exhibited by different iron ships, might not depend on the tem-

perature at which the iron is rolled in the last process of its manufac-

ture. By the good offices of Mr. Fairbairn he had received gratuj-

30 •
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touslj from Richard Smith, Esq., Superintendent of Lord Dudley's
Iron Works at the Round Oak Works near Dudley, twenty-four plates

of iron, each 16 ins. loner, 4 ins. broad, and \ inch thick ; twelve of
•which, after having been manufactured with the others in the usual
way, had been passed through rollers when quite cold. Each set of

twelve was divided into two parcels of six each, one parcel being cut

•with the length of the bars in the length of extension of the fibres of

the iron, the other being cut with the length of the bars transverse to

the length of extension.

For experimenting on these, a large wooden frame Avas prepared,

capable of receiving the 24 bars at once, either on a plane transverse

to the direction of dip at Greenwich, or on a plane including the di-

rection of dip. In some experiments, these planes were covered with

flag-stones, and the bars were laid upon the flag-stones ; in others, the

bars were laid immediately upon the wood. While there lying, they
•were struck with iron or wooden hammers of different sizes. The bars

of the diflFerent classes were systematically intermingled, in such a way
that no tendency of the arms to give blows of a. different force or kind
in special parts of the series could produce a class-error in the result.

Eor examination of the amount of polar magnetism in each bar, it was
placed at a definite distance (5 inches) below a prismatic compass, which

was used to observe the apparent azimuth of a fixed mark; the bar was
then reversed in length, and the observation was repeated in that

state.

The number of experiments was 21. They were varied by differ-

ence in the succession of positions of the bars, difference of time al-

lowed for rest, difference in the violence of the blows, &c.

The principal results appear to be the following :

—

1. The greatest amount of magnetism "which a bar can receive, ap-

pears to be such as will produce (on the average of bars) a compass-

deviation of about 11°, the bar being 5 inches below the compass. It

•was indifferent whether the bars rested on the stone or on wood, or

•whether they were struck with iron or with wood, the bars lying on

the dip plane while struck.

2. When the bars, thus charged, lay on the plane transverse to the

dip, they lost about one-fifth of their magnetism in one or two days,

and lost very little afterwards.

3. When the charg-e of mac^nctism is smaller than the maximum,
the diminution in a day or two is nearly in the same proportion as for

the maximum.
4. The effect of violence on the bars, when lying on the plane trans-

verso to the dip, is not in all cases to destroy the magnetism complete-

ly, sometimes it increases the magnetism.

5. The Cold-Rolled Iron receives (under similar violence) or parts

with (under similar violence) a greater amount of magnetism than the

Hot-Rolled Iron, in the proportion of 6 to 5. •

6. There is some reason to think that the Hot-Rolled Iron has a

greater tendency to retain its primitive magnetism than the Cold-

Rolled Iron has.
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7. There is some reason to tliink that, when lying tranquil, the

Hot-Rolled Iron loses a larger portion of its magnetism than tile Cold-

Rolled Iron loses in the same time.
Proc. Koyal Society, May 15, 1862.

FRANKLIN INSTITUTE.

Proceedings of the Stated Monthly Meeting, Oct. 16, 1862.

J. C. Cresson, President, in the chair.

John Agnew, Vice President, Ip- -

Isaac B. Garrigues, Recording Secretary,
J

The minutes of the last meeting were read and approved.

Letters were read from the Royal Geographical Society, London.
Donations to the Library were received from the Royal Society,

the Royal Geographical Society, and the Statistical Society, London
the Canadian Institute, Toronto, and the Natural History Society

Montreal, Canada; William Bryson, Esq., Chicago, Illinois; the Re
gents of the University of the State of New York, Albany, N. York
the Commissioner of the U. S. Patent Office, and Frederick Emme-
rick, Esq., Washington, D. C. ; Edward F. Moody, Esq., and Thomas
C. Clark, Esq., Camden, and William H. B. Thomas, Esq., Mount
Holly, N. J. ; Jacob Maas, Esq., Prof. John C. Cresson, Prof. John
F. Frazer, George M. Conarroe, Esq., and the Societe Frangaise de
Bienfaisance, Philadelphia.

A donation to the Cabinet of Minerals, &c., was received from Capt.

Jabez Jenkins, Elizabeth City, New Jersey.

The Periodicals received in exchange for the Journal of the Insti-

tute, were laid on the table.

The Treasurer's statement of the receipts and payments for the
month of September was read.

The Board of Managers and Standing Committees reported their

minutes.

Twenty-five resignations of membership in the Institute were read
and accepted.

Candidates for membership in the Institute (6) were proposed, and
the candidates (2) proposed at the last meeting were duly elected.

Mr. H. Howson exhibited specimens of the HiUscus Moseheutos in

various stages of manufacture, and made the following remarks

;

I had the honor of submittins: to the Members of this Institute some
months ago, several specimens of a fibre similar to, but of a much
more crude character, than those now before the meeting.

The fibre constitutes the outer covering or bark of the stalks of a

North American perennial plant, of the order 3Ialvacece, known as

the Hibiscus 3Ioscheutos, or Paliistris—the plant as well as the fibre

having received the name of American Jute; although the term may
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be considered inappropriate, for the reason that the Jute of the East

Indies is the production of the Cochorus Olitorius, or Cochorus Capsu-

laris, neither of which plants has any relation to the order Malvacece,

and for the further reason that the fibres of the Hibiscus are not so

liable to become deteriorated by exposure and washing in alkaline

leys as those of the Jute.

The utility of the fibres of this plant was brought to light by Mr.

W. J. Oantelo, who, during the last three years, has been actively en-

gaged in examining and testing the peculiarities of plants indigenous

to the Northern States, with the view of discovering a fibre available

as a substitute for linen rags in the manufacture of paper, for hemp
in the making of ropes, matting, &c., and as a partial substitute for

cotton in the manufacture of textile fabrics.

A patent was granted on May 13th, last, for the utilizing of the

fibres of the Hibiscus Moscheufos^ and this patent is now owned joint-

ly by Mr. Cantelo, the discoverer, and his assignees, Messrs. Stuart

& Peterson, the enterprising stove and hollow ware manufacturers of

this city.

These gentlemen, aided by Mr. Cantelo, have during the last eigh-

teen months been actively engaged investigating the subject, and pro-

secuting experiments with the view of determining the properties of

the plant, the strength and value of the fibre, the requirements de-

manded for its proper cultivation, and the amount of fibre which can

be obtained from one acre of ground.

The proprietors of the patent are now prepared to lay before the

public the satisfactory and highly important results of their very care-

ful experiments.

The Hibiscus Moscheutos, is indigenous to the Northern States, and

grows in abundance in swampy lands of Pennsylvania, New Jersey,

New York, &c.; in the marshes of Burlington County, New Jersey, it

is especially abundant.

In its natural state, stalks of the plant, when at their full growth,

are from five to six, and even seven feet high, and vary from a quarter

of an inch to five-eighths of an inch in diameter. The number of stalks

from one root vary from eight to sixty, and eighteen stalks of an aver-

age size will produce four ounces of disintegrated fibre.

An acre of marsh land, in the neighborhood of Burlington, N.

J. was ploughed, and seeds of the '^ Hibiscus dioscheufos," spread

along the furrows on the 28th of April last. On examining the land

in September the ground was found to be thickly studded with seed-

lings, of which the drawing produced at the meeting represents a

specimen. It should be understood that little or no care Avas taken

to weed the ground, and to give that attention to the young plants

which will be advisable during their first growth.

It had been discovered by previous experiment that on cutting one

of the stalks one season, a dozen or more would take its place the

next, and that the plants would require no attention after the first

year's growth. As to any liability of the plants becoming deteriora-

ted from the ravages of insects, it was found that in no instance could
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any marks of insect depredations be observed on the stems, leaves, or

roots of the plant.

The next point to be ascertained was the amount of fibre which

coukl be produced from an acre of ground, planted with the Ilibiscus

Mosclieutos.

This has been determined by a close observation of the plant in its

natural state, and by weighing the fibre taken from a number of stulks

of average dimensions. At a moderate calculation, and taking into

account the probability of loss from unforeseen causes, three and a half

tons of disintegrated fibre can be derived from one acre of ground.

Another important point decided was the facility with which the

fibre or bark of the stalks could be separated from the pith.

It Avas discovered that this could be done with ease and rapidity,

even without the aid of machinery, which can be readily applied to

the purpose.

The bark after being detached from the pith is at once removed to

a very simple apparatus, invented by Mr. Cantelo, when the bark is

reduced in a comparatively short time to the disintegrated fibrous con-

dition shown by the specimens exhibited, the fibre in this state being

ready for the market, either for conversion into rope, or for paper

Stock.

As to the value of the fibre it has been declared by experienced rope

manufacturers to be far superior to Manilla hemp or Jute, the speci-

mens of rope exhibited being fully equal in strength and pliability to

ordinary hempen rope.

Two prominent paper manufacturers of this city have estimated the

fibre to be worth §100 per ton, to be used as a substitute for linen

rags in the manufacture of paper.

The utility of the fibre as a substitute, or partial substitute, for cot-

ton, woolen, or flax, in the manufacture of textile fabrics, has not yet

been fully tested, but I am satisfied that the members present will, after

an examination of the specimens before them, be convinced that the

utility of the fibre is not limited to the making of rope and paper, but

that it is admirably adapted to the manufacture of many textile fabrics.

When we take into account the fact that fibre of the value of at

least three hundred dollars can be derived from one acre of ground

;

that the ground necessary for its growth is of such a swampy charac-

ter as to be unfit either for the cultivation of ordinary farm produce,

or for grazing purposes ; that the plants require no attention after

the first year's growth, but, unaided by any chemical or mechanical

appliances, present a yearly supply of stalks ready to be converted

into fibre ; when we consider the hardihood of the plant and its free-

dom from the ravages of insects, we must admit that the greatest

credit is due to Mr. Cantelo, that his discovery is of the greatest im-

portance, as it opens new avenues for the exercise of agricultural,

mercantile and mechanical pursuits, and tends to the utilizing of the

swampy deserts, with which our Northern States abound.

I am anxious, Mr. President, that the members present should un-

derstand that the specimens of fibre have been prepared without the
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aid of any complex machinery or elaborate cliemical apparatus—the

appliances which the inventor has called to his aid being of the most
simple character.

The samples of rope were made by hand ; the maker asserting that

had they been made by the usual machinery the rope would have been

of a much superior character.

Although the specimens are most satisfactory, and are sufficient to

convince the most skeptical observer of the importance of the dis-

covery, its value will necessarily be still further developed by the aid

of appliances which may be demanded by the preparation of the fibre

on a large scale.

The attention of Mr. Cantelo has not been confined to the fibres of

the Hibiscus Moscheutos alone. Few plants in this and the neighbor-

ing state of New Jersey have escaped his searching investigation and
his elaborate tests.

He has discovered that the plant next in importance to the Hibis-

cus as regards its fibre-bearing qualities is the Abutilon Aricemice,

an annual, readily cultivated, and hitherto considered a useless weed.

The fibres of this plant, a specimen of which I submit for inspection,

are of a silky character and extraordinary strength.

The utilizing of the fibres of the Abutilon, as well as the disinte-

grating process alluded to, form subjects for further applications for

patents.

In conclusion, I would remark that a company is about being or-

ganized for the cultivation, or I should rather say planting, (as culti-

vation, in the ordinary sense, is unnecessary,) of the Hibiscus Moscheu-

tos, and the preparation of the fibres for the market, the proprietors

of the patent to be the principal stockholders. The members present

will be satisfied that success must attend the efforts of an enterprising

company who follow up with energy the prosecution of this important

invention or discovery, which has been developed with such praise-

worthy zeal by Mr. Cantelo and his assignees.

Mr. Howson also exhibited a Camera Obscura invented by Mr. G. T.

Kolb, of this city. The camera consists of an ornamental box, on one

side of which are the tubes holding the lenses. In the opposite side

is an oblong opening surrounded by an eye tube placed at such an

angle that the operator can see the bottom of the box, on which is

placed a sheet of paper. By a suitable arrangement of mirrors the

image is reflected on the paper in an upright position instead of re-

versed, as is usually the case in portable cameras. The reflected

image can be easily traced with a pencil upon the paper by introducing

the hand through an opening at the side of the box, a loose apron

lianging over the opening and the arm to exclude the light.

G. L. Witsil's machine, for agitating and mixing substances, was

also exhibted by Mr. H. The apparatus consists of a vessel in which

revolve, in opposite directions, two spiral rods, one spiral being right-

handed and the other left-handed. The currents produced by the re-

yolutions of the spirals cause a thorough agitation and admixture of
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tlie contents of the vessel. This mixer is exceedingly useful for mix-
ing dough, clay, and other plastic substances, also for beating eggs.

It may also be used as a churn.

Mr. Jones exhibited a diagram of an improved Oil Cup invented by
Chief Engineer Wood, U. S. N. In an oil cup of the usual form is

secured a tube which surrounds the opening in the bottom of the cup.

The oil is deposited on the bearing from the cup by a syphon, the

longer leg of which is placed in the tube, the shorter end extending
beneath the surface of the oil. When the machinery is not in opera-

tion the syphon is lifted out of the tube and placed in the cup, where
it is always at hand ready for use when required.

Mr. Howson exhibited G. G. Custer's improved Coal Oil Lamp; in

which a reservoir containing a supply of water is situated immediate-
ly below the perforated air chamber of the lamp, so that the steam
caused by the heating of the water will mix with the air and impinj^e

against the base of the flame, rendering the latter clear and brilliant,

and preventing the disagreeable odor which is usually emitted by these

lamps while burning.

Coal Oil Lamp, invented by Mr. Mowry, was also exhibited. The
peculiarity of this lamp consists of two curved and perforated projec-

tions, so situated in respect to the burner that they tend to spread the

flame and cause it to burn with brilliancy, and unaccompanied with
smoke, in the absence of the usual chimney.

Mr. Howson remarked that great attention had been recently paid
by the ingenious to the construction of coal oil lamps, and that great
credit was due to Mr. Merrill, of the firm of Warner, Miskey & Mer-
rill, of this city, for the many ingenious, simple and effective improve-
ments made by him, many of which had been exhibited at meetings
of this Institute, a number being upon the table.

A Spring Governor, for steam engines, patented by Messrs. Evans
& Jenkins, of this city, was exhibited. This governor is so construct-

ed that the force applied to overcome the rigidity of the spring is trans-

mitted through a leverage, constantly increasing as the rigidity of the
spring increases, thereby so equalizing the action of the spring that
the operation of the governor will be uniform under all circumstances.

Mr. A. B. Davis exhibited a weighing scale for iron manufacturers.
By the arrangement of a series of levers, which can be alternately con-
nected to and detached from the platform at the scale, the proper quan-
tity of each article required in the manufacture of iron may be mea-
sured without altering the position of the weights upon the beams

;

one beam being reserved for each ingredient.

Another advantage obtained is that the weights may be secured to

the beams in the proper position, and the case containing them locked
up, the proportions of the ingredients used being thus kept secret from
the workmen, while small pins secured to the beams and projecting

through slots in the case, show when the beams are raised.
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A Comparison of some of the Meteorological Phenomena of Skpt., 1862. with those

of Sept., 1861, and of the same month for twklve years, at Philadelphia, Pa.

Barometer 60 feet above mean tide in the Delaware River. Latitude 39° 57^ N.;

Longitude 75° 10^' W. from Greenwich, By James A. Kirki'atrick, A. M.

September, September, September,
1862. 1861. 12 Years.

Thermometer—Highest degree, 87 0° 86° 95-0°

" " date, 8th 3d 12th. 1851
" Warmest day—Mean, 77-33 75-5 85-2

«' " " date. 8th 15th 6th, 1854
" Lowest degree, 48-0 46-0 390
" " date. 3d 29th 25th, 1856
" Coldest day—Mean, 58-33 56-2 51 3
" " " date, 25 th 29lh 30lh, 1853
" Mean daily oscillation. 16-22 17-22 16-96

" " " range, 4-30 4-41 4-70

" Means at 7 A. M., 6353 62-37 62-64

2 P. M., 76-03 74-75 74 99
« " 9 P. M., 67-55 66-72 66-71

" " for the Month, 69-04 6795 68-11

Barometer—Highest—Inches, 30-086 in. 30-343 in. 30-430 in.

" " date. 14th 30th 16th, 1851
" Greatest mean daily press.. 300.57 30-314 30-381

" " date. 14th 3()lh 16th, 1851
" Lowest—Inches, 29-398 29 283 29-283
" " date. 1st 27ih 27th 1861
" Least mean daily pressure. 29-500 29-524 29 403
" " date, 1st 27lh 16th 1858
" Mean daily range, •128 •144 -124

" Means at 7 A. M., . 29 881 29-953 29-973

2 P, M., 29-845 29-913 29932
•' " 9 P. M., . 29 876 29-924 29-951
" " for the Month, 29-867 29 930 29 952

Force of Vapor—Greatest—Inches, •833 in. •770 in. •991 in.

" " " date. 12th 15th 6th, 18.54

" " Least—Inches, •211 -279 •161

" " " date. 3d 28th 29th, 1860
" " Means at 7 A. M., •465 •476 •473

" " " 2 P. M., •490 •516 •496

" " « 9 P. M., •519 •532 •51?

•' " " for the month, •491 •508 •495

Relative Humidity—Greatest percent.. 97* per ct. 97-perct. 100 per ct.

" » " date, . 12th 20th 2d, 1854
" " Least per cent. 32- 42. 29-

" " " date, 3d 1st 2d, 1859
" " Means at 7 A. M., 77-1 82-8 789
" " " 2 P. M., 540 59-8 5.5-6

" " 9 P. M., 75-4 79-0 74-7

" " " for the month. 68^8 73-3 69-7

Clouds—Number of Clear days,* 11 10 11-5

" " Cloudy days. 19 20 185
" Means of sky cov'd at 7 A. M., 58-7 per ct. 640perct. 55-5 perct.

« '< " " 2 P. M., 49-7 fil-3 50 7

9 P. M., 45-3 380 34 9

" " " for the month. 51-2 54-4 47-0

Rain—Amount in inches. 6.282 in. 4-976 in. 4-061 in.

Number of days on which Rain fell, 6- 6- 7-75

Prevailing Winds, N. 4°5' K. ^087 s75°28'wl81 s89°40'w-195

• Less than one-third covered at the hours of observation.
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Force Lift.—Under this head we may consider the action which
pertains to pumps, independently of the suction lift, with some pre*

liminary allusion to different classes of pumps.

Pumps may be divided in two general classes ; those which are sin-

gle-acting, in delivering a single charge by a revolution or double-

stroke ; and those which are double-acting, delivering a double charge,

for each revolution or double-stroke.

Single-acting pumps may be divided in two general classes ; bucket

pumps, and piston or plunger pumps ; of these the first operate in one
direction only, and the second operate in one direction on the suction

lift, and in the other, on the force lift.

Bucket pumps are to be found in the lower lifts of the Cornish

mines, supplying the first cistern for the plunger lifts. They have the

advantage of being more readily lowered to suit the changes in level

of the well, and the buckets can be drawn out for examination and
repacking through the delivery pipes, in case the pumps should be

Hooded. The leather packing used, seems to be defective in requiring

frequent renewals, varying from a few days to two or three months.

The several lifting pumps of the large Haarlem Meer Engines, are of

this class, the buckets being attached by chains to the rods, with but-
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terfly valves, -which lift on the hinges about 1-5 inch in descending.

Each pump of the Brooklyn engine is also single-acting, in which the

valve is a "double-beat" playing on the rod; an application which

we believe to be original, and which works admirably. The pumps
of the New York Dry Dock engine, and others of the kind, are single-

acting, and there are single-acting buckets in compound pumps as in

the case of the Hartford engine. The common-hand pump belongs to

this class. In some of these cases foot valves are used, and in others

their use is superseded.

Single-acting piston pumps are used in some of the mining engines

at Bavaria, one of which has a lift of 1168 feet: at the Huelgoat

mine in France, with a lift of 754 feet ; at the Boulton and Watt en-

gine, East London Water Works, the Wolverhampton engine, and

others in various places. In these cases the pump chamber is placed

one side of the pumping main, while the foot valve on the suction tube,

with the delivery valve on the forcing tube, are above its upper centre.

At Huelgoat these valves are on the common centre line of the main,

so that except the current into the pump chamber on the descending

stroke, which makes the suction lift, and the return current on the

force lift, the line of delivery is not changed. At East London and at

Wolverhampton the pump chamber stands between the suction and
forcing tubes, the lines of delivery being abruptly changed in direc-

tion, at the pump head.

Single-acting plunger pumps are used in the upper lifts of the Corn-

ish mines, in the single-acting water works engines, and in some
which are double-acting. The suction lift is made on the up-stroke, and

the force lift on the return stroke. In the mining engines the valve-

chest is in the centre line of the main, as in the Huelgoat main', but

in the water works engines, the foot valve-chest is generally placed

below the plunger, the current turning with a right angle into the de-

livery valve-chest above and on one side of it, passing thence by a

goose-neck turn into the air-chamber or stand-pipe base, making three

right-angled changes of direction, in addition to the pump current.

In the mining pumps the lifts are usually from 180 to 240 feet each,

the whole discharge being made into a cistern placed at each station,

from which it is redrawn and reforced, lift by lift to the summit, which

in some cases is 1300 feet above the well.

Double-acting pumps are used with both pistons and plungers—ver-

tically, inclined and horizontally—plungers being exceptional to the

general practice.

Horizontal or inclined piston pumps, with suction and delivery side-

pipes, fitted Avitli metallic or rubber clack valves, are the most com-

mon. There are several specimens at Philadelphia, Pittsburg, and
other Northern, Southern and Western cities, worked by cranks from

a fly-wheel shaft, or by a half-beam. In the Spring Garden engine

house there are two engines with a double-acting vertical pump under

each cylinder, worked by the piston rod prolonged, in a fly-wheel

beam engine. At New Orleans two beam engines work vertical

pumps, in which the water valves are controlled by eccentrics.
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At Charleston and at Cambridge horizontal plunger-pumps are in

use, with a diaphragm in the pump-chamber, which provides for

double-delivery, the plunger being worked by a rod passing through

a stuffing-box. The valves are small india-rubber clacks on a grating,

the delivery-tube being attached to one side of the pump-chest. A
modification of this plan retains the advantage of plunger-packing,

by dispensing with the diaphragm and separating the pump-chambers,

so as to use two stuffing-boxes on the same plunger.

The pump usually known as the "Ditton" pump, is double-acting

so far as it combines both the plunger and the bucket in the same
barrel, but it is sinfrle-actinfj so far as it delivers at one revolution

only the charge due to its bucket area and stroke. Here the plunger

is made half the area of the bucket, which is attached below it; the

foot valve retains above it, on the down stroke, the charge drawn up

by the bucket on the up stroke, of which one-half is forced into the

main by the descending plunger, and the other half by the bucket on

the return stroke; in this case the forcing load on the bucket is in

part counterbalanced by the load on the plunger area, while it carries

the whole suction load.

Before comparing these various systems, we may refer to the rela-

tive merits of the details of plungers, pistons and buckets, valves

having been already discussed.

The general adoption of the plunger with its stuffing-box, as in-

vented by Sir Samuel Morland, in 1675, or rather improved on much
more ancient use, h;is led to the assumption that its advantages are

peculiar to itself. While it is claimed to have less friction, its facility

of access, inspection, and repair, is important. As compared with

the piston or bucket pump, in point of construction, there is a choice

between boring a barrel or turning a plunger, the amount of metal

used being in excess for the latter, but the plunger pump is the most

simple ; as to the relative friction, this is determined in either case by

the amount of rubbing surface and the pressure, and therefore, ex-

cept the stuffing-box of the piston rod, may be no more in one case

than in the other ; if the exposed stuffing-box on one hand admits

open inspection and nice adjustment, the exposed piston (single-act-

ing) also admits this, and may easily carry a movable stuffing-box.

The enclosed piston or bucket, which was discarded for its rudeness

in the mines, as to its valves and packing, may be brought up to a

high standard of efficiency by careful workmanship, so as to need no

re-packing for months and years, as at Spring Garden and Brooklyn.

There is the disadvantage that cases of leakage are not immediately

apparent, and cannot be remedied with an engine in motion. So that,

in fact, as is generally the case in machines, correct workmanship and

careful supervision really determine the matter, and may attain satis-

factory results in either way.

Of these pumps the several classes of movements may be thus spe-

cified :

—

The Pittsburg arrangement on each stroke makes an abrupt turn

from the suction tube or side-pipe, through the valve-chest into the
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pump-cylinder, reversing the motion on the return stroke. The pas-

sages are contracted and the valve openings small, while the motions

are arbitrary and irregular, as taken from a crank. Hence there is

much friction and the concussions are formidable.

The Ditton pump also takes its motion from the connecting rod of

.1 crank engine, the result of which will be noticed under the head of

engines; and while the lines of delivery are at right angles to the

pump, the supply at each stroke is crowded past the plunger in such

a manner as to involve considerable friction. If the plunger be en-

larged so as to counterbalance the load on the up-stroke, the freedom

of delivery is the more restricted. The friction due to both the

plunger and bucket packing is encountered.

In the East London piston- pump, as at Wolverhampton, the cur-

rent from the suction-tube is reversed by the piston, re-reversed on

the return up-stroke, and passes through the abrupt turns of the de-

livery valve-chest.

In the single-actino; water-works engine the lines of motion are

thrice changed in entering the force-main, and the valve openings are

somewhat restricted in practice, but admit of increase.

In the Iluelgoat pump, as in the plunger mining-pumps, the cur-

rent has the reverse due to the pump only, the suction and forcing

tubes being in the same line, and large valve-openings admissible.

In the Cambridge pump, which is worked by a direct horizontal

motion, there is nothing to prevent a direct line of delivery, as in the

Iluelgoat or mining-pump, or the use of equally valuable valves, ex-

cept that the rapid motions due to a short stroke interfere with their

use. As built the delivery is not direct.

In the Hartford pump two lifting-buckets are worked by spiral

cams on the pump-shafts, in each of four vertical barrels, in such a

manner that the suction or forcing charge of one bucket is passed

through the other, which is not in operation in descending; that the

working speed is slower than the return stroke ; and that in transfer-

ring the load from one bucket to the other they both travel together for

about one-twelfth of the stroke. This is an ingenious modification of

an old arrangement, if we assume that the result, in equable delivery,

could not have been more simply attained with much less friction. A
modification of this idea, and of an ancient device, was adopted for

the new Detroit engine in using two telescope barrels fitted with bucket-

valves, which worked by spiral cams alternately towards and from

each other. The engine itself did not pass acceptance, but the pump
was much simplified in the use of a single delivery, without change of

line, one of the errors at Hartford being the multiplication of small

pumps and gearing, and the changes of line in supply and delivery.

In the Brooklyn engine the pump dimensions are large. The forc-

ing charge of the lower bucket, under the cylinder, is carried by two

right-angled turns through the upper pump, and thence by a third

turn into the main, an action assumed by the upper bucket on its

lift; freedom of delivery being favored by annular pump barrels

outside of the working barrels, fitted with double-beat covers. In
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this case the lines of motion are not reversed, and there are no con-

tractions in the flow.

In the pumping arrangements of which these are representatives,

we find not only single-acting pumps worked by single-acting cylin-

ders, which take steam one way and make the return stroke by coun-
terweights, but we find double-acting cylinders working two or more
single-acting pumps in combination with the same main, as we also

find them working double-acting pumps.
We also observe, in respect to delivery, that in single-acting pumps

but one-half the quantity of water is delivered per double stroke, due
to double-acting pumps, and that but one of the latter is usually

worked by a cylinder, in practice, the double-acting cylinder and
pump being equivalent in power to the same cylinder with two or

more single-acting pumps.
Resuming, then, our leading subject of force-lifts, from this notice

of pumps, intimately connected with it, we find that the relations of
the suction-main on one side, the intermediate pump, and the forcing

main, are controlled by mutual laws of action and arrangement, which
afl'ect maximum results.

It may be taken for granted that in dealing with a heavy, incom-
pressible, mobile liquid like water, losses from friction, counteraction,

and otherwise, are unavoidable, and that the problem of efi"ect depends
on their reduction to a minimum. The expensive construction, the

concussions, accidents and repairs of pumping machinery of all kinds

sufiiciently illustrate the importance of this problem, and explains, to

a certain extent, the endless varieties of machines which have been de-

vised, and the differences of opinion as to practical remedies and re-

sults.

The proportions of a pump are adapted to the required delivery in

a given time, and the assumed speed : those of the engine are adapted
to the required load and speed,- which measure the mechanical work.
As the mains are generally long, and rapidly increase in cost with in-

creased diameter, their size has considerable influence on the relative

pump area, while the length of stroke is determined by convenience

of engine construction and a certain assumed speed.

In water works, the item of present and a certain prospective de-

mand, as a representative of annual income, regulates, or should regu-

late, the question of outlay in construction. As to the pumping main,

this item of allotted capital and delivex'y should determine the calibre.

The pump should be proportioned to the main, as to area ; the speed

to the rule of best practice in strokes per minute, fixing length of

stroke, and the engine dimensions determined from the pump load

and speed. But as a rule, we find proportion much neglected be-

tween pumps and mains, and arbitrary proportions adopted for the

engines.

Imperfect pump-action is caused by frictional losses, counterac-

tions, resistances and loss of charge, aggravated by conditions of

speed, travel, concussions and irregular engine motions.

It may be taken as a rule that the pump diameter should never ex-

31»
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ceed that of the main; that the most perfect valves and most free

opening are advisable ; that all reactions in line of current motion are
objectionable ; that all changes in direction of supply and delivery are

to be made as simple as possible ; that the pistons, plungers or buckets
are to be carefully made and packed to prevent leakage on one hand,
and excessive friction on the other; that arbitrary movements during
the stroke are to be avoided ; that the greatest length of stroke is de-

sirable
; and that the impulses to the delivery-column should be regu-

larly maintained without material pauses in action.

From the established law in flow of tubes that all contractions are

sources of loss, the propriety of adapting pump diameter to that of

the connecting tubes is apparent, not only from the frictional loss,

but from the change of speed in the water-flow. Any diff'erence be-

tween the r.ite of flow in the pump and main has an importance be-

yond that simply of the vena contracta in influx and efflux at the

pump-chamber, or of valve friction. Enlargements are less objec-

tionable than contractions, in the pump or main, but also produce re-

actions.

Changes of direction in line of flow cannot be usually avoided, and
produce certain comparative frictional losses, but they are far less

objectionable than reactions, or reverses in motion, which more direct-

ly affect and embarrass the vis viva of the water column.

Some of the operations of tlie water column will be more clear by
examination of certain laws of motion.

The several classes of reciprocating pumps we have presented, re-

present two distinct doctrines of motion ; one, which claims that maxi-
mum effect is to be produced by the most uniform flow of the column,

and the othci', that maximum eff"ect, ceteris paribus^ depends on a

uniformly variable flow.

Uniform Blotion.—The first school assimilates the force-main of a

pump to the discharge-main of a reservoir, and objects to all abrupt

or alternate changes of head, as far as attainable, regarding continu-

ous flow as equally necessary in either. In accordance with this aim.

we find the several combinations of pumps to a single main in frequent

use, the entire class of short-stroke pumps, and the use of cam motion.

In the case of pumping arrangements which have been urged with

great pertinacity, have been constructed and made the subject of very

costly experiments to obtain a continuous current, it is represented

that in this way economical results may be attained far surpassing

those of any other class; that the valves may be made to open and
close without noise or concussion ; that the use of stand-pipes, air-

chambers, or fly-wheels, may be dispensed with ; and that all fric-

tional losses are brought to a minimum. The following language has

been used on this point :-^

"A column of water that is passing through an asreniling main from a pump that

in fact produce? a continuous flow, really liecomes a fly-wheel to whatever machine

may be used to furnish the power for driving the pump. If this machine be a recipro-

cating engine, this same fly-wheel, which the column of water may be called, becomes,

»^TeguUtar of the engine, and furnishes the means of carrying the principle of expansion
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to the greatest limit, and of using power with useful efTect to an extent that cannot be

exceeded in its application to any other work."

—

Detruit Water Works Report, 1856.

It was also represented that the pumps would deliver more than

their theoretical contents per stroke.

The arrangement to which this report specially refers, and which
has been described under "single-acting bucket-pumps," was gua-

ranteed to perform a duty of 1,000,000 foot-pounds per pound of coal,

and was put under contract July 19, 1856, to be completed July 1,

1857; but, as its construction was delayed until the spring of 1861,

and the engine was then abandoned by its builders, these mechanical

results have not been demonstrated.

The Hartford engine furnished the experimental basis of the theory

under which this contract was made, under certificates of several en-

gineers of "reputed skill in their profession." In November, 1855,
an experiment at Hartford gave 423,439 ft. -lbs. pump-duty, and on

the Belleville Cornish engine 846,277 ft. -lbs. Another experiment
at Hartford, December 14, 1855, gave 584,704 ft.-lbs., and, deducting

coal lost in getting up steam, 974,195 ft.-lbs. A third experiment

gave 487,783 ft.-lbs., IVPay 1st, 1856, and at Belleville, 51-3,295 ft.-

lbs., which was reduced for "effectual duty" to 461,966 ft.-lbs. It

was also calculated that the superior evaporation of the Belleville

boilers entitled the Hartford pumps to an actual relative duty of

720,125 ft.-lbs. It was also certified by the experts of the last trial,

that no air-chamber or stand-pipe was used, and that the pump indi-

cator " did not perceptibly move during the trial, but gradually regis-

tered a greater pressure as the head of water was increased in the

reservoir." As the contractors represented in the meantime, the op-

portunities of improvement over the objectionable gearing and ar-

rangement of this engine, and a willingness to guarantee 1,500,000
such ft.-lbs. as those of the Jersey City engine, their contract-gua-

rantee of 1,000,000 ft.-lbs. was not considered unreasonable.

In further experiments at Hartford the pump duty was made 550,-

681 ft.-lbs., December 5th, 1856, and 626,617 ft.-lbs. December 5th

and 6th, on another trial, the Belleville pump duty being reported

718,013, 685,634 and 739,1.38 ft.-lbs. on three trials of December
19th and 20th, 1856. The duty at Hartford was also reported, July
16th, 1857, at 655,054, and 689,745 ft.-lbs. on two trials.

Reports like these are interesting, even when they embody the

proof of their want, in some respects, of method and reliability, and
illustrate some of our former remarks. The city of Detroit has spent

$25,790 on one experiment, and for the engine-house specially adapted
to it $56,876, and now votes $25,000 for another engine.

As the most prominent type of this particular school, the Hartford
pump merits a closer description than has been already given.

Two vertical pump barrels are placed on each side of an interme-

diate horizontal force main, 16 inches in diameter, with which their de-

liveries are connected by a double goose-neck turning downward, the

centre of the tube being about 5 inches above that of the pumps. Each



368 Civil Engineering.

barrel is made with two diameters, the upper chamber, 19y^g inches,

the lower, 18| inches, taking two buckets fitted with butterfly valves,

which are seated at an angle of 45 degrees. The lower bucket is op-

erated by a rod 3| inches diameter, which passes through the sleeve rod

of the upper bucket, 4f inciies diameter (external), and is attached to a

separate bell-crank. The pump motion is caused by bell- cranks oper-

ated by spiral cams from two geared shafts, reducing the engine speed,

in the proportion of 80 to 27. The effective stroke during a revolution

is 32;^ inches, or 16^ inches for each bucket, the actual travel being

35J inches, and the speed of each pump in delivery was 8 158 strokes

double or 21-92 feet per minute, or 87-69 feet in all four, that of the

force- main being 112-19 ft. The engine is condensing, with a fly-wheel,

and with a cylinder of 5 feet stroke and 32| inches bore, making 24-25

revolutions per minute, under an average piston pressure of 8 373

pounds. The equivalent pump lift was taken at 138-34 feet, length

of main 6879 feet.

jNIeasurements made at the reservoir with great care, for the ex-

periment of December, 1856. showed a loss of action (or a difference

between theoretical and actual delivery) of Q-Cild per cent, in the pumps.

This settled the argument of surplus delivery. It was also shown dur-

ing that and other trials, that the small air-chamber which is placed

on the main near the outboard pumps, had a very important eff"ect ou

the smoothness of the pumping action and could not be dispensed with,

nor could the speed of the pumps be increased, without producing con-

cussions in the barrels.

With an arrangement of this kind, subdivided in eight working parts,

which move together about one-twelfth of the time, each with slow

speed, built with the most solid foundations and most careful work-

manship, it might be assumed that this doctrine has a most favorable

development, and uniform flow would be readily attained, with all its

benefits. But the pressure pump card given in Plate II, from one

of these pumps, and repeatedly duplicated by the indicator, goes to

show conclusively that the doctrine is at fault. It must be remem-

bered that in this case there is no cessation to the lifting movement
or to its uniformity; that each bucket relieves the other of its load, al-

ternately; and that the lifting speed is much more moderate than the

inoperative return stroke. The pump location is also low, being but

9-28 feet above the well, at the centre.

The card opens with a pressure of 61 lbs., as a wave of oscillation,

which descends to 47*5 lbs., and then returns to about 53 lbs., from

which during the stroke it gradually falls to 49 lbs. If we admit

that a part of the oscillation is due to the momentum of the indicator

piston, it cannot be claimed that this explains more than a portion of

the evident wave as an eff"ect of fresh impulse at the stroke commence-

ment. The card clearly shows the distinct effort of each bucket to

put its special charge in a certain motion, and the surplus initial

power it is required to exert in order to accomplish this result, and it

shows that the vis viva of this charge, reduces the load at the end of

the stroke 4 or 5 lbs. less than the mean of the initiative motion, and
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PUMP CARDS.

BROOKLYN ENGINE; Lower Pump

Actual lift163'
\ 70-9lbs.

StroJx- 9'87 Speed205'-6 jfmmt.

~ -„.66-6U>s.

BELLEVILLE PUMP;

Strolce 10'-92 . Speeds 4S'pinnpi^.

\Actiui7 Ufiim-76
r 48 6 lbs

^ Lift 63-93

\
27dZbs.

'. f%onzo7}tal)

^LTftJlO'43

HARTFORD PUMP.
Stro7ce26l2in.Spee€l 21-92

CAMBRIDGE PUMP.
Strolce 2617tn,.Speed3:i-8
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about 10 lbs. less than the actual primary impulse. This settles the

question of uniform velocity under eight sub-divisions of impulse, each

traveling but 21-92 feet per minute, assisted by the resistance of a

force-main contraction, and by an air chamber.

With two suction tubes of 16 inches diameter, the averacje load was
6-85 lbs. or 15-75 feet, while the actual average lift was about 9-28

feet, the variation during the lift being not less than 1 lb. in favor of

the final load. The doctrine of uniform motion and load is then also

at fault on the suction lift, and the pump location is demonstrated as

in other cases described under the head of "Suction," to be too low.

With such results as these in a typical arrangement, it cannot be con-

tended that short continuous strokes, have any special value in uni-

form flow. Its advocates have no better resource than an improve-

ment of the rotary pump. Nor is any proof furnished here of advan-

tage in combinations of pumps.

As a second illustration of the effect of short stroke pumps, we give

a card from the inner pump of the horizontal Cambridge double-act-

ing engine, which was then making 40 strokes per minute. In this

case, as noticed, the plunger acts through a central diaphragm. Here
the initial effort to propel the charge carries the pencil up to 41 lbs.

from which it returns at once to 25 lbs., thence to 30, rising at the

first foot to 32, at the second to 32-5, ending the stroke at 30 lbs.

The card shows a blow and a reaction, which is in part due to the en-

gine arrangement, with light working parts, and with an annular

cylinder of the Simm's pattern, in which a uniform steam pressure is

attempted through combined high pressure and expansion ; but the

manner in which the initial effort is made, and its necessity, is never-

theless clear, as to the pump charge, as well as the absence of either

uniform pressure or resistance.

Uniformly Variable Motion.—On the other hand, distinguishing

between a supply-main in which the flow is maintained by the force of

gravity, and a force-main in which impulse must overcome gravity, it

is assumed that each particular stroke of a pump is, in a very import-

ant sense, an independent effort. This is true of all reciprocating

movements to a greater extent than is generally supposed, and with

regard to fly-wheel, steamboat, and locomotive engines, not less in

principle, than in the direct-acting and non-rotary. Each particular

stroke of the most perfectly balanced fly-wheel engine should contain

a perfect measure of impulse and resistance, and the whole class of

governors only illustrates the relative necessity and harmony of these

conditions of motion, in which surplus initial impulse, and reduced

final impulse, are unavoidable laws of each reciprocal piston movement.
In harmony with this principle it is also held, that it is impossible

to disturb the equilibrium of the particles of a liquid like water, as of

any fluid, by impulse, without producing a wave, which in the case of

the stroke of a pump piston, becomes a wave of translation rather

than of oscillation; this theory harmonizes with the natural tendency
of water to undulation, under circumstances which peculiarly aftect its

large per centage of air, and develop its exquisite mobility, while its
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gravity is being overcome, and avails itself of a law of common obser-

vation.

In brief, then, it is held, that each pump stroke at its commence-
ment and earlier stages, imparts motion to a body of water equivalent

to its charge, which charge has a natural tendency to produce a dis-

tinct wave of translation; that such stroke must exert a.certain sur-

plus impulse during a certain stage of its travel to create this wave,

which surplus is compensated during the stroke in whole or in part,

as proper circumstances admit, by the vis viva of the charge; that

the maximum useful effect is determined by the smoothness with which

this wave is created, and tlie facility with which its translation is ac-

complished, the power being transmitted at one period by an accele-

rating motion, wliich is retarded in completing the stroke ; and that

in a representative curve combining power and velocity, the greatest

ordinate would precede the half stroke. It is also held that in every

force-main there is a wave of maximum effect, which cannot be retard-

ed, accelerated, or disturbed by irregularities of impulse without de-

triment, and defines a uniformly variable motion.

Under this theory, the pump area being adapted to that of the main,

its length and speed of stroke become important; the former in order

that all the benefits of impulse and vin viva may be attained, and the

latter that the gradations of impulse may harmonize with the natural

motion of the charge, during the effective part of the stroke. Too

rapid an initiative is to be avoided on one hand to prevent concussion,

and rapid acceleration from the initiative is to be secured on the other,

avoiding all acceleration, after the wave has received its impulse, as

waste of power. The ordinary mechanical doctrines of inertia, of im-

pulse, and of momentum, have, in this theory, a simple and plain reite-

ration, and in its experimental results, a beautiful demonstration.

In the cards of the Belleville single-acting plunger, intermittent,

and of slow speed in its stroke, and of the Brooklyn single-acting

bucket, non-intermittent and rapid in speed, this principle of pulsa-

tion is eftectually demonstrated. Standing on the reservoir bank of the

Belleville heights, the bell-mouthed vent of the main is seen several

feet above the usual water level. As the impulse is imparted from each

pump stroke, a sheet of water rises with accelerating speed and pours

over the level edge with a sound which defines its varying power, gra-

dually dying away as the wave exhausts itself, and the lip of the vent

becomes again dry; a process distinctly repeated with each pump
stroke, at a distance of 2359 feet from the delivery valve, in a tube at

the time unprotected by either air-chamber or stand-pipe. At the

vent of the Brooklyn main, 3450 feet from the pump, these pulsations

from the speed of flow and horizontal delivery, are less clearly defined,

but may be distinguished by the ear, and at slower speed are more

evident. Their law of motion is sufficiently evident from the card.

At Belleville, the counterweighted plunger detached, in one sense,

from the cylinder, descends on its force lift. Its initial speed is slow

and embarrassed, until its column is started, which is efi'ected through

the first third of the stroke, and then occurs the anomaly that although
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its relative lift increases with its descent, its resistance actually de-

creases, from 65 lbs. at first, to 60 lbs. at* 3*5 feet of its whole travel

of 10-92 feet; we see also that the column has so efi'ectually received

its impulse that the delivery valve shuts down at 10-16 feet of the

travel; so that the equivalent load at starting is 149o feet instead of

139-76, and at 10-16 feet descent it is 138 feet instead of 150.

The Brooklyn bucket commences its lift with a theoretical load of

163 feet, and an actual load of 174-8 feet, ending with a theoretical

load of l-'3 feet, and an actual of 161 feet, the reduction in lift

being about 10 feet, and the practical reduction 13-8 feet.

Here the maximum impulse has been imparted at about 8*5 feet of

the stroke, the resistance rapidly diminishing after the 8th foot, and

while this card illustrates the effect of a continuous application of uni-

formly variable impulse, as distinct from the intermittent strokes of

the other, both cards show beyond question the law of motion due

to each pump charge and its proper conditions of motion. The same

law has been already demonstrated in the suction cards, given in the

last number, wherein the Belleville pump shows a final stroke reduc-

tion of 7 lbs. from the maximum load, and the Brooklyn pump a

reduction of 3 lbs. The aggregate effect shows, then, in the first case,

a range of 12 lbs., and in the second of 9 lbs., between the initial and

finid parts of the stroke.

It is a matter of deep interest and importance to determine the

conditions of area, speed, and length of stroke in pumps, as they are

affected by these established mechanical and natural laws, and merits

a serious and continued experimental research by the profession. Ex-
periments with the Brooklyn pump indicate very clearly the connex-

ion between a given speed and a maximum effect, and in time it will

undoubtedly be demonstrated that every pump develops a uniform law

of effect in these respects.

This wave of translation involves an effect which is erroneously

claimed for the principle of uniform velocity, in facilitating and regu-

lating the engine stroke. It is impossible that a strictly uniform mo-

tion should act as a fly wheel to an engine, since it would prevent that

storing and rendition of power, from the commencement to the end of

the stroke, essential to true reciprocal motion, under the law of mass

in motion, by which cylinder expansion is attained. This wave, which

in its formation receives the whole power of the initial impulse of the

piston, in turn becomes an easement of the central and final portions of

travel, preventing injurious concussions on one hand, Avliile it relieves

the terminal stroke on the other; a condition Avhich is beautifully illus-

trated in the cards given, and especially in the action of the Batavia and

Huelgoat pumps, and the large engines of the Haarlem Meer, and Brook-

lyn class. In single lifts of 754 and 1168 feet, the production of this wave

is the key to harmonious action, and the very condition of safety. Pre-

cisely the same operation is true of the counter-weighted plunger on its

steam lift, as Pole has demonstrated, and of every fly wheel, and of every

steamboat wheel, as the crank-index of the splendid Sound steamer

Metropolis^ reiterates with every revolution. Uniform motion is a me-
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chanical myth in practical dynamics and hydrodynamics. It is impossi-

ble for any pump piston to make a stroke without exerting at the

outset a certain surplus pressure to overcome the inertia of its work-

ing parts and its charge, which it must be repaid during the stroke,

to realize its maximum effect, and on the manner in which it exerts

this surplus initial pressure, will depend its smoothness of action.

The rehitive effects of crank and direct actions will be noticed in this

connexion under another head.

Loss of Action.—From joint and valve leakage, presence of air,

currents, and other causes, no pump will deliver its theoretical charge.

Experiments on record show that this loss of action may reach a for-

midable extent, and it is obvious that perfection in construction as to

lines of supply and delivery, valves, &c., and in operation, is impor-

tant in this particular, as promoting the most complete charge to the

pump chamber. Some Cornish plunger pumps show about 7 per cent,

loss; those of the Pittsburgh class show 14-7 and 16-3 per cent.; the

loss at Haarlem Meer is 10 per cent.; at Hartford, 6'5 per cent.;

and at Brooklyn 1"65 per cent. These varied results illustrate the

importance of correct workmanship and action, and in less perfect

pumps probably range beyond 30 per cent.

It is contended by some hydraulic engineers, that the mechanical

work of a pump is the same whatever may be its loss of action, and that

the product of the pump diameter into the lift, measures the actual

duty. We think it vei'y plain, however, that the evident concussions

shown on the annexed cards, are produced by the action of the piston

in striking solid water, which virtually reduces the length of pump
stroke and gives a certain travel without resistance; audit is also

plain that the only resistance to tiie leaky portion of the piston is that

due to the friction of the lost current in passing it, on the perimeter

of the leak. If the piston were to leak the entire pump charge, the

delivery valve would remain on its seat, and the engine load would be

represented by the piston friction alone, and whatever part of the

pump is unfilled certainly pievents effective travel.

Combined JPumps.—Among other processes for attaining unifona

delivery, it has been customary to combine several pumps with a com-

mon main, and with varied centres of motion. Soijie very curious

devices of this kind have been strongly urged, and occasionally put

in operation. It is evident, however, that if each pump stroke has

its distinct acceleration and retardation in generating its wave of

translation, that a discharge into the same main, of a second, third,

or fourth wave, under different times of impulse, must produce in-

jurious counteractions. These are unavoidable in all such combina-

tions, and are sources of direct loss of power, which experiment has

clearly defined. In the case of blowing engines, and other connected

stationary engines, as in the case of steamer engines, of which the

Great Eastern is a notable example, one engine is ahvays operating

at the expense of the other, to a certain extent, defined by the mu-

tual conditions of impulse and resistance.

In one extreme case which has come under our observation, the ad-
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dition of a second steam pump to a force main, has increased the total

delivery less than fifty per cent., while^the coal account was fully

doubled, and we have notes of experiments on large engines, where an

inciease of fourteen per cent, in load is directly attributable to this

counteraction.

Force Main.— This should be laid, as to diameter ami directness of

line, on the most liberal scale admitted by the standard of supply and

demand, already referred to. The fricticm, which diminishes nearly

as the square of the velocity of flow, is directly modified by increase

of diameter, and also varies with the length, representing a constant

co-efficient of work, which must be covered in the coal account. The
relative friction, however, of a well arranged main is not a formidable

item by any means, generally much overrated in engine house locations.

AH horizontal bends are to a certain extent objectionable, though

much less so than vertical bends which permit the accumulation of

compressed air, always a formidable lesistant to water flow; con-

tractions and expansions in form are also objectionable, as are all

cheek-valves, although occasionally indispensable.

The experimental observations on force-main friction show the

interesting fact that the formulte determined for a fixed head and

uniform discharge by the VHrious authorities in hydrodynamics, are

sufficiently applicable to the conditions of motion which have been

presented, to warrant a full reliance on their coriectness, and to de-

monstrate in certain cases an accuracy, with which they are some-

times discredited. The Brooklyn mains, of which one is connected

with each engine, are 3 feet in diameter, 8450 feet long, laid without

vertical bends, with one cuive of 800 feet radius, with two check-

valves, and a conical adjut.-ige. With a mean flow of 180 feet per

minute, the actual loss ot head is 4-71 feet; while the theoretical loss

by the simple and elegant formula of VVeisbach is

3450 3^
11 =-0244 —;5— ^—

-j
=3-92 feet, leaving 0-79 feet to bo accounted

o d4*4

for in check-valve and curve friction. This not only demonstrates

the formula, but it indicates the law of motion of the pumps and tube,

on the most powerful scale in the history of pumping engines, each of

these engines being by some 21 per cent., the most powerful in use.

Other cases exist, however, in which imperfect construction and action,

give the formula a negative endorsement, Avhich is valuable as a lesson.

The value of an air-chamber as a cushion to the pump stroke and

main flow may be very strongly uiged; its elasticity is perfect and

its operation conclusive; and yet by a misapprehension of the ori-

ginal uses and purpose of the stand-pipe which specially belongs to

the intermittent supply s^'-stem of the European school, it has be-

come customary with us to adopt a modification of it, in which the

overflow is not used as in the old country, and a very rude, cumbrous,

expensive, and inexcusable appendage is substituted for the conve-

nient and eff'ective-air chamber.

(To be Continiu'il.)

Vol. XLIV.—Third Series.—iSo. C—ISovember, 1862. 32



374

For the Journal of the Franklin Institute.

TJie Burlington Tunnel. By S. Huntington, Jr., C. E.

The Burlington Tunnel may be called an anomaly among tunnels.

It has a single track only, but the peculiar nature of the earth in which
it is built, and the novel and ingenious mode of its construction, ren-

ders it something of a curiosity among works of this class. It is sit-

uated at Builiiigton, Vermont, on a portion of the Vermont and Ca-
nada Railroad recently constructed.

Earth Formation.—The road, at the point where the tunnel is sit-

uated, enters a high ridge whose top is about one hundred feet above the

interval lands which lie on the east side, one hundred and twenty feet

above the lake, on the west, sixty feet above the top of the tunnel, and
twelve hundred feet wide. The earth, of which this is composed, is en-

tirely of sand of different degrees of fineness varying from the finest

quicksand to coarse gravel. It is arranged throughout the lower por-

tion of the ridge in unsymmetric strata having a general inclination

of 15° to the horizon. These strata have the appearance of at some-
time having been thrown up by the action of waves, and their con-

tiguity to the lake, renders such a supposition extremely probable.

Their nature entirely agrees with the earth contained in the upper
portion of the I'idge, viz : that of loose^ shifting sand with a natural

slope of 30° with the horizon.

Description.—The longitudinal form of the work is probably not

very dissimilar to the generality of works of this class. It descends

on a grade of 1 foot in 400 feet throughout its extreme length, and
is curved with a radius of 1433 feet (4°). The ends are surmounted
by high revetment walls extending above and on each side of the road-

way.
The transverse section resembles very much a horseshoe in shape,

being a combination of arcs of circles of different radii.

The arch and side walls are of brick which rest on skew-backs of cut

limestone. The foundation and between walls are of concrete masonry.

DiMExaioxs. ft. lOths.

Length of tunnel on the centre line, . . . 340
" " outer side of curve, . 342 2

" inner " "
. . 338 6

Depth of top (extrados of arch) below the surface, . 60

Height of intrados above the grade line, . . 18 5

Breadth of tunnel at " " . . 13
" " widest part (8 feet above grade), . 16

Thickness of the arch and side walls, •
. 2

Height of revetment walls above the extrados, .
• 20

side " " ... 38

Length " « ««
. . . .45

Thickness " " ... 3

Drainage.—The nature of the earth through which the work passes,

is such as to dispense with the necessity of any drains along the bot-

tom or top of the tunnel. At the foot of the slope, above the top and

against the revetment walls, a ditch of cemented paving is placed, to
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receive the water shed from the face of the excavation, and connected

with cast iron tubes at each extremity. These tubes pass through the

wall, and on the face of the side walls another ditch, of the same ma-

terial, is placed, connecting the mouths of these tubes with the side

ditches.

Construction.—In order to form a basis from which to commence
driving the heading, and to protect the face of the work while in the

process of construction, from the sliding in of the surrounding sand,

thus materially retarding the work, large timber shields were construct-

ed surrounded on three sides by planking. These shields were first

placed on the surface of the ground above their intended position, and
the excavation commenced by steps, the shields, being gradually under-

mined, sinking slowly as the excavation proceeded, until they reached

their required position on a level with the proposed work.

After these shields had been properly braced and otherwise prepar-

ed, the heading was commenced. On the face of the excavation a stick

of timber, or chord, 21 feet long, (G ins. X 8 ins.) was placed about 15

feet above the bottom of the excavation, and perpendicular to the line

of the road. Upon this chord a segmental arch of wood seven feet

high was placed, made of spruce boards bolted firmly together. The
centre of the arch was supported from the chord, by a heavy post, and

smaller pieces radiated to its different points. The ends and middle of

the chord were supported in position by other posts. A hole was then

bored, with an augur 2| inches in diameter and 7 feet long, over the

middle of the arch and in the direction of the tunnel, making an angle

of about 5° with the horizon. In this hole was driven a spruce arch-piece

8 feet long, (3 ins. X 3 ins. cross sect.) pointed at one end. On each

side of this arch-piece holes were bored in the same manner as the first,

and similar pieces driven as close as possible to the first, so they would

touch, the object being to form a complete wooden arch. Other holes

were continued to be bored, each side of these last, and other pieces in-

serted, until the arch was completed. This first arch having been com-

pleted the excavation of the heading Avas commenced. It was carried for-

ward until there was danger of undermining the unsupported ends of the

arch-pieces, (about 3 feet) when another arch was erected. This second

arch was erected in the same manner as the first, excepting that the

chord was supported by the bottom of the heading. Between the top

of the second arch, and the arch-pieces of the first, a space of about

6 inches was left open. This was filled by wooden wedges driven in

with great force, in order to give the first arch a firm bearing on the

second centre. The excavation was then continued for another 3 feet,

when another arch was constructed in like manner.

When the heading had proceeded about twenty-five feet, the exca-

vation of the bottom was commenced. A narrow perpendicular trench

was first dug immediately under the middle of the second chord, tem-

porary props being placed to keep it in position, and a strong post

(10 in. in diameter) placed in it with one end resting on a thick plank,

and the other supporting the chord. Similar trenches were then dug

under each extremity of the chord, and other supporting posts, as the
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first, placed in position. The excavation of the earth was then com-
menced, and proceeded until there was danger of undermining the se-

cond chord, when the same operation of placing supports, &c., was gone
through with. As fast as the earth was removed, thick planking was
placed outside of the supporting posts, on each side, for the purpose
of retaining the earth in its proper position, and, on account of the

great lateral pressure, braces stretching from the centre, to the side-

posts along the bottom, were used.

The space thus excavated was a little larger than the required size

of the exterior of the arch and side walls. The next tiling done
was the laying of the foundations; this was accomplished by digging

trenches on each side, in the pi'oper position for the foundation of the

side walls, three feet deep, and filling them with concrete masonry.

Upon this concrete foundation were placed the skew-backs, which were
of dressed limestone. Large centres over which the arch was to be

built, were then constructed capable of supporting both the arch and
the surrounding earth. The masonry of the side walls and arch was
then commenced, and carried forward in tiiree sections of twelve feet

in length each. As fast as each of these sections was completed, the

Avooden centerings over them supporting the temporary wooden arch,

were removed and the supporting posts cut away. There then remain-

ed a considerable space between the extradosof the finished arch and
the intrados of the temporary wooden arch. This was filled with sand
taken from the upper heading, rammed hard with heavy beaters. Af-

ter this had been done the centres were removed, and the arch left to

do its designed work.

Eighty-five men were employed in its construction, one-half for the

day, and the other half for the night work. The number of men em-
ployed in driving the heading was eight, one-half engaged in driving

the arch pieces, and the other half, in constructing and setting up cen-

tres. The heading was carried forward both day and night; but in or-

der that the passage of the cars, conveying the material away, might
not interfere with the masons, the lower portion of the excavation was
worked only by day, and the masonry constructed by night.

As the heading advanced it was found that the foul air collected in

that part of the tunnel, and, to remove it, a pipe one foot in diameter

was constructed, extending from the upper heading, through the tunnel

to a chimney at its mouth, around whose base a fire Avas kept con-

stantly burning, to secure a draft.

Heat was secured (the work being carried forward principally dur-

ing the winter) by means of large stoves. Liglit was furnished l)y a

small gas apparatus, which lighted the tunnel and about twelve hun-

dred feet of excavation.

The ])rogress of the heading was about three feet daily, averaging

about fifteen or sixteen feet per week. The lower excavation and
supports were much slower.

llt-marks.—About thirty feet from the west end of the tunnel (the

part lat^t built) a crack has appeared in the masonry, about two inches

wide at the top and gradually diminishing as it extends down the sides
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apparatus 'lias ueen anupiea on uoin siaes oi tiie tunnel, and the work

progresses daily at the rate of four or five feet. Still, it is evident

thartcn years will hardly suffice to complete the work. The cost of

this gigantic undertaking is estimated at sixty millions of francs, but
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to the bottom. Through this, water keeps constantly dripping, which
leads us to think that it was caused by the disintegration of the mor-
tar by water, showing the Avant of proper care in its preparation. It

has been in a measure remedied by sinking a shaft to the extrados

of the arch, and placing drains to carry the water entirely off from the

masonry.
The entire time employed in the construction was one hundred and

ninety-one days.

Six hundred and eiglity thousand feet of lumber was used.

The contract price of ihe work was sixty thousand dollars.

Explanation of Figukes on Plate III.

Fig. 1—Represents a longitudinal section of tlie work as it appeared when in the proi

cess of construction, showing ventilating pipe.

Fig. 2—Shows a section on a, b.

Fig. 3—Shows a section on cd with side walls in process of construction.

Fig. 4—Represents a section of the tunnel when completed, as on e, f.

The Tunnel through 3Iount Cenis.

From the Lond. Civ. Eng. aud Arch. Jour., Oct., 1S62.

The great enterprise of Sir Isarabard Brunei of constucting the tun-

nel under the Thames, has nowhere been imitated on such a gigantic

scale as in the case of the tunnel through Mount Cenis, which will

open a new and shorter communication between the North of Europe
and Italy. It is, in fact, such an undertaking as could hardly have
been ever achieved if some recent mechanical and engineering improve-

ments had not come to its aid. The entire length of this tunnel ises-

timated at about 12,220 metres. Its situation is between the railway

station of Susa and St. Jean de Maurienne, west of the present high-

way from Susa over Mount Cenis by the Col de Frejus, at an eleva-

tion of 1338 metres or about 4100 feet above the level of the Medi-
terranean. The Southern opening of the tunnel lies about 6|- leagues

west of Susa, near the hamlet of Bardoneche : hence the tunnel as-

cends by a gradient of |^ per 1000 until the middle of the mountain,
and then descends towards the northern opening of the tunnel, near
the viHage of Mondone, with a gradient of 23 per 1000. On account
of the great height of the mountain, no vertical shaft was possible.

The present postal road passes Mount Cenis at an elevation of 6354
feet, and the height of the Col de Frejus is 9168 Paris feet, or 2978
metres.

This stupendous work was began on the 31st of August, 1857. At
the present moment the excavations extend to 740 metres on the north,

and to 950 metres on the south side, and consequently 10,530 metres

are yet to be bored. Up to a late period the mining operations were
performed by the ordinaiy method of manual labor, but now new boring

apparatus has been adopted on both sides of the tunnel, and the work
progresses daily at the rate of four or five feet. Still, it is evident

that ten years will hardly suffice to complete the work. The cost of

this gigantic undertaking is estimated at sixty millions of francs, but

33 •
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probably this sum will be much exceeded. France has to contribute

twelve millions of francs, but has not done so hitiierto. If |ireseiit cir-

cumstances continue, it is to be feared the works will be st(>pf)ed.

The work of boring is done by machines, which are movt-d by air

compressed by hydraulic pressure. The water necessary for this pur-

pose is obtained in the following way. The water which ci)n>tantly

pours down the slopes of the Alps, and wliich forms the chief supply

of the little river of Bardoneche, is collected in channels and lai-ge

reservoirs, and thence conducted by long tubes to a building, in which

there are ten iron tanks in the sliape of steam-l)oilers, each of which

is furnished with a veitical tube of two feet in diameter and fifty.me-
tres high. While the water is conducted from the main tube into these

ten secondary ones, the air is conducted l)y a veriuU appai-atus, of which

each tube lias one, the air and water is so cotidnctcd that the tanks

are completely filled with air, and the tubes with water. The cnlumns

of water in the tubes now compress the air, with a force of 22,000 lbs.,

which causes the air to issue from the reservoir with great foi-ce. A
strong metallic tube eight or nine inches wide is conducted into the

tunnel, close to the boring apparatus, where four tubes of india-rub-

ber, secured by screws, bring it in four cylinders placed horizontally,

from whence the rotary apparatus, which moves the boring instru-

ment is fed. This rotary apparatus moves eight steel gimlets, each

three feet long, which placed at an angle of 45°, penetrate, pushing

and boring into the rocK. As the borers make 200 strokes each mi-

nute, the noise is terrible. The air cylinder, the borer, and the men
at work are placed on an iron framework, which can be moved upon
wheels rolling on iron rails. Ventilation, as well as the removal of

dust, is effected by the opening of spiral air valves fixed on the iron

tubes. The boring apparatus, made at the manufactory of Cockerill

at Seraing, are 9 feet long by ten to twelve inches high. Each ma-
chine perforates the rock, accoi-ding to its solidity, to the depth of 2 ft.,

and a width of IJ inch. On each surface of s(|uare metres, four

holes, 2 feet long and 3 inches wide, and seventy or eighty holes of

the same length, but of less width are made. After all the holes have

been drilled, which generally occupies six hours, the iron framework,
with the boring apparatus, is drawn backward in the shaft about 100
metres, and it is closed by a strong wooden gate, for avoiding the pro-

jection of stones when the mine is exploded. The method resorted to

here, is the usual one of gunpowder ami a conducting train, but the

four large holes in tiie middle are not loaded. After the firing of the

mine the smoke of the gunpowder is expelled by means of the venti-

lating apparatus, and the debris of rocks carried in small carts, on a

lateral rail, to the large wagons at the entrance of the tunnel, and
thence conveyed to the general repository of rock debris. The col-

lecting and removing the rock debris takes also six hours, and thus the

blasting can only be done twice a day. There are two rails in the

tunnel, between which is a conduit for the efflux of the water. It is alto-

gether supported by a vault, that at the north end made of hewn stones,

on the south side of bricks. Outside are the reservoirs and the build-
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ing for the machines to compress the air, a mechanical worlcsliop fur-

nished with a turbine, a large building for tiie officers, and a manu-
factory of gas for lighting the tunnel and the buildings.

The Economic Construction of Girders.
From the Lond. Civ. Enj:. and Arch. Jour, July, 1862.

(Continued from page 319.)

3.

—

Calculation of the Stresses on the Large Experimental Girder^*
in experiments numbered /., ///., and IV., in which the Girder failed

by the rending of the bottom.—We have noted that Mr. Clark derives

from the results of these experiments a measure of strength which we
have denoted by the letter Q, and which approximately gives the total

tensive moment in terms of the sectional area of the bottom, and its

depth below the neutral axis; and is therefore only applicable to gir-

ders having sides, top, and bottom all exactly in the same proportion one

to another; so that the last experiment, or No. IV.. is the only one

having the appearanc*^ of being at all useful in this form. We there-

fore propose calculating the actual stress per inch on the extreme
fibres in each of the experiments, so as to render them all to some ex-

tent valuable.

Diagram 3. shnwin-^ the pintes, and angle-irons

in h;ilf ofthe miil-span section of the Experi-

menial Girder, 75 feet span.

Diagram 4.
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When we come to the actual calculation, we are unfortunately met

by some discrepancies as to the dimensions of the parts. Thus on

page 160, the information given in the upper half does not tally with

It is too ranch the custom to represent a load at the cpntre of a pirdcr as equivalent to twice that load

gpread uniformly over the span. It is so only as regards the longitudinal stresst-s at the mid-span, in so far

as these are not affi-cted by th- stresses induced in the web. But in all other dir. ctions the effects of these

loadings differ very materially : and therefore the one cannot b.- correctly substituted as a test in place of th»

other. But let us confine ourselves to th>' question as regards the model tul)e (we may leave cut of consid-

eration the weight of the tube itself). When a test-load is phiced on the midspan. the whole length of th«

web i.* nearly equally subjected to certain oblique compressions and tensions occupied in transferring from

the midspaii to e^ich" pier half of the central load. By a correct test-loading, or one of doul.le the former

amount, spread uniformly over the girder, the stresses in the Wtb are very different, the part at the mid-

span is nearly free from stress ; but the parts near the supports are stressed to do,<hlc tln! degree caused by

the former li):id. The e.xperiments cannot, ther fore, be accepted ai a proper ti'St of the strength of the web,

thejr overstrain it at the mid-span, but only apply half the pr.iper atresses to its extremities.
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the measurements used in the estimates at the lower half; and the an-

gle-irons, which are stated in pages 158—59 to have sejtional areas

of -175 and "^25, are in the estimate made equal to the sum of the

sides multiplied by these values, as mean the thicknesses; tliis

again cannot be accepted without doubt, since Fig. 2, on page 159,

shows an average thickness of the stronger angle-iron equal to 2 in-

stead of 0'325. It is theiefore with very little confidence in the cor-

rectness of the following dimensions that we proceed to calculate the

stresses. As, however, the total sectional area of the girder appears

to be not very far wrong, being checked by the test of weighing, we
Avill cori-ect the side areas at the expense of the top.*

Let the various plates, with their attached angle-irons, be supposed

to become concentrated in their central lines on the same principles

as described for diagram 2, of the Conway tube; this is shown by dia-

gram 4.

The dimensions are AD = 4-530; x D ^4-275; bd ov]i^-\-i= 4-015;

AB or //„

—

i=^ 0-515. The sectional areas are assumed to be, A plates

=8-7 ; B plates= 8-7 ; X plates = 6-0
; sides, 4-015 x 2 x 0-1= 9-636

;

D plates = 8-8 in Experiment I,, = 12-8 in Experiment III,, and =
18-31 in Experiment IV. From these we are enabled to calculate the

positions of the neutral axis, and hence the following values of k and i.

In Experiment I. A,= -2-8o4 A, ,= 1-677 7"=1-161

III. //|= 2 6(15 A, ,= 1-92.5 «=l-410

IV. /z,=-2-.3-35 /i,,=2-205 i= 1-600

The formula for the moments of the compressions will be the same

as obtained for the Conway, viz.,

,:2

I

i~
, . , .

?•= Q \ a//h + b --|-4ii + xi
K ^'

(''+'+£)}

and for the parts under tension the moments are simply = ex (d//i-t-

4hh^'). Substituting in these formulae the values given above for the

factors, we get in Experiment I. the total moment of the section =
6x49-023; in Experiment III. the moment of the section = ei 65-107;

and in Experiment IV. the moment of the section»= el 87*278.

In the three experiments the equivalent distributed loadings, that

is, the weights of the girder added to double tiie central breaking

weights, are respectively = 76-175 tons, 118-053 tons, and 137-948

tons. And the moments of these loadings at mid-span are respectively

= 714-1, 1106-74, and 1293-26. Equating these moments with those

obtained for the sections, Ave arrive at the values of the stresses, which

are as in Table III.

Table III.

—

Slresses on the Experiment Girder.

cT. T when e=:*85. c.

Experiment I. 14-567 17 138 8 .'i.59

III. 16-999 20-000 12-56-2

•' IV. 14 818 17 433 14 053

Average, 15-461 18 190

•In the estimate of the top. at page 1 60. the attached arch of angle-iron isoniitteti,and nverlapx nra includ-

ed wbicb do not :ipp;ai-iii til -dot 1 1 Jr-iWin^s. (S--e Dr. Kairbiuin'rt -NaiTiitive.'J Fnrtlier the thirkneMen
of the platea Aand U. whii h are given in ihe upper part of the pa;;e as -179 and -161 app ar r speetivuly a*

Olol and 01 5^1 in the estimate. As to the side i)Iates. their depth is 4 feet not 3' a" on iu the estimate.

Their sectional area is correctly given aa =9 at page 103,
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18-2 tons is then the absolute tensive strength of the plates calcu-

lated on the suppositions embodied in the above principles. Why this

is less than the uhiinate strength obtained by direct experiment (see

page 376, where this is given as varying from 18 to 22 tons, with an
average of about ll'-6) may not be beyond explanation. The value

assigned to e may be too high; if we take it = OS, that is, suppose

one-fifth of the whole section to be destroyed by the rivet-holes, T

comes out = 19-326. But there is a cause at work which we will en-

deavor to explain. The sides or webs of all such girders and tubes

must necessarily have an inferior ultimate tensive strength against a

stress in the direction of the length of the girder, on account of the

inferior character of the riveted joints and the direction of the fibres

of the plates; we may, however, assume them to be equally stiff vi'xth.

the bottom. The consequence will be, that the sides and top will

only work harmoniously together up to the point at which the stress

in either of them attains the ultimate value; so that in cases like this

experimental girder, wherein the side plates descend to nearly as low

a level as the bottom plates, rupture will begin at the lower edges of

the side plates considerably before the plates of the bottom have given

out their full strength. And if we suppose the lower edges of the

side plates to be exactly at the same level as the bottom of the girder,

their failure will begin when the bottom plates are stretched to an ex-

tent corresponding with the ultimate stretch and strength of the side-

plates; and—unless the bottom plates be of such large sectional area,

that the 3 or 4 tons per inch more of strength that they may put forth

after failure in the sides has begun, will more than make up for the loss

of the strength previously given out by the side plates—complete rup-

ture will ensue. If, as we have supposed, the elasticities be exactly the

same for bottom and side plates, let h be the extreme distance of the bot-

tom from the neutral axis, and m equal to the distance from that axis

of the point to which the sides become split up when the bottom attains

its greatest elongation; then, if el and e.yT^ be the respective ultimate

resistances to tension of the bottom and sides, we have when the bot-

e T
torn is fully stretched 7n=-!—^A, so that when the full value of cT is

eT

counted upon, the tensive movements will be= eT (section of bottom

111

X A+thickness of sides X 4— ), jw and h being measured in feet and

the areas in inches. In addition to the above causes of weakness we

have the slight warpings and irregularities unavoidably produced in

riveting up such thin plates, which must tell against the general ten-

sive strength.

It will now be obvious that no very direct use can be mide of the

experiments in helping us to the value to be assigned to t for the Con-

way, but as some of the prejudicial causes noted above will also be

present in some degree in the case of the Conw:iy tube, we may be

allowed to assign a value to T slightly less than that obtained from
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the direct experiments upon the plates used in its construction. Let

T, then, be taken = 19 tons, instead of 18-2 as derived from the ex-

perimental tube, or, of 19-6 from the direct experiments on the unin-

jured plates.

So that, when the Conway is loaded at the rate of one ton per foot

run, and the same factor of safety is employed for movable as for fixed

loading, that common factor will be= 19 -^ 7-18 (Table II.) =2-65 only

;

and if the factor for movable load be taken equal to 1^ times that for

fixed, we have the respective factors equal to 3-506 and 2-337.

These factors are very unsatisfactory. But the correct factors,

which must be obtained after allowing for the effects of the wind, are

still more so. AVe now proceed to calculate the additional stresses

produced thereby.

4.— The St7'esses produced in the Top and Bottom of the Tube, by the

lateral pressure of the Wind.—By the lateral pressure of the wind one

side of the tube is thrown into a state of tension (compared with its

normal condition), and the other into a state of compression. It does

not appear to have occurred to those investigating the question that

the edges of the top and bottom of the tubes participate, to the full

extent at least, in these stresses; and that the wind-induced stresses

must therefore be added to the previously existing stresses produced

by the action of gravitation. And the greatness of this addition

can, we think, never have been calculated. Mr. Clark does not give

any such calculation for the Conway tube, misled probably as to its

importance by a serious error that occurs in that for the Britannia

tube at page 787. The investigation there given is correct enough in

principle, the error occurs in the final arithmetical operation; he gives

the formulae ^=0-621, wherein (J.z expresses the total pressure of the

wind on one side of the tube= 120 tons, when the force is taken at

only 20 lbs. per superficial foot; /= the stress per square /oo< induced

I.IZ 120
on the material of the sides; we consequently have/=- ^.^ =

= 193-4 tons per foot = 1-34 tons per inch. Mr. Clark makes this

= 74-5 tons per foot or about half a ton per inch. Now when Ave con-

sider that the sides are not very Avell suited to withstand either ten-

sion or compression in the direction of the span, it is apparent that

the edges of the top and bottom will receive more than their just shares

of the total stress, that is, there will be more than one-and-a-third ton

per inch to be added to the previously existing tension on the leeward

edge of the bottom, and to the compression on the windward side of

the top. The fact of the windward edge of the bottom being relieved

of tension to the same extent does not affect the question as regards

the leeward edge, the stress from gravitation being brought upon it

by that side of the tube to which it is attached, quite independently

of the other. Furthermore, 20 lbs. must be looked upon as an under-
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estimate of the force of the wind, allownnce shouhl be made for the

effects of suddenness of application, or even for the possibility of the

gusts being isochronous with the lateral oscillations of the tube. At
page 470, indeed, \vc find the pressure estimated at 40 lbs. per super-

ficial foot, and in Dr. Fairbairn's "Narrative," at page 120,50 lbs. is

the estimate; of course the stress to be added will be in proportion to

the pressure per foot, at 50 lbs. the stress would be = 3-35 tons in the

Britannia tube, according to Mr. Clark's own formulae quoted abovcf

which however does not take into consideration the modifying effects

of continuity past the piers.

Let us now investigate the stresses occasioneil in the Comvajf from

the lateral action of the wind. Let f := the force of the wind in lbs.

on ea'jh superficial foot. The tube being three feet deeper at the cen-

tre than at the ends, the pressure is more serious than if uniformly

spread over the length; to have the equivalent uniform load we must

somewhat increase the area. The actual area, omitting the roof, is

= 400 feetx24-5; let us take it equal to 10,000 feet, we have then

for the moment of the wind pressure,

10,000 FX 400 rr.r.r^r, ,U O',0 01 . I K\—

^

^ =50,000 F lbs. = 22o-21 f tons (5)
o

To resist this, we have,

eTX 14-667 (area of one side + \ areas of top and bottom) (6)

And taking the areas from page 589, and equating the moments,

we have,

223-2 F = ^T (128-5 + 196-8) 14-667, whence eT = f - 21'_34 (7)

But from the inferior quality of the riveting of the sides, a low-

value must be taken for e, say = 0-75, so that

t = f-16 (8)

When F =20 Ihs. per foot, t= 1'25 tons per sectionial inch.

" F=30lhs. " T= 1-87.5 " "

" r=40 U.S. " T=-2-50 « "

« F=50 lbs. " T=3 1-25 " "

By adding these results to those given in Table II. we arrive at a

near approach to the actual stress, to which the leeward edge of the

bottom of the tube is subjected under the given circumstances of wind

and load. Thus, with a loading of one ton per foot run, and the

effect of the wind taken as equivalent to 30 lbs. per foot, we have

the tensive stress on the solid inch of iron =7-178 + 1*875 ^= 9*053

tons, or half of what we have been led to consider the ultimate strength

of the plates.* And this result it must be borne in mind, is obtained

•with an over-estimate of the eflSciency of the angle-irons and an un-

der-estimate of the span and loading. It does, then, appear, that

the stresses greatly exceed what has been considered the limit of safety,

namely, from five to six tons of tension, and considerably less of com-

pression : it is therefore with some earnestness that we would press

upon the consideration of those entrusted with the care of the struc-

ture the propriety of employing the means which the connecting of

* On the windward side of the top the,»ddition would tell still more unfavorably.
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the pair of tubes together offers of alleviating in some degree, this

serious excess of stress.

b. Connecting the Tubes together as a means of Diminishing the

Stresses from the Wind.—The connexion of the tubes together may
be carried out in two different ways. The least perfect of these is by
the simple introduction of struts between them to retain them strictly

parallel, so that tlie leeward tube will assume the same amount of

lateral curvature as the other, and so take on itself half the duty of

resisting the wind. This arrangement would reduce the foregoing

tension from 9-053 to 8-llG tons, supposing that the wind takes no

hold on the second tube.

But the more perfect way of connecting the tubes is by introducing

between them efficient systems of horizontal bracing, tlius rendering

the whole structure as it were one girder nearly 38 feet deep, to re-

sist the lateral pressure: by this means the stress per inch produced

by the wind, calculated approximately, will be less than one-fifth of

that on the windward tube when unconnected; or the total stress

above given as 9-053 in the unconnected tube is reduced to about

7-511 tons—:a reduction so eviilently necessary and important as not

to need any further insisting upon on our part.

(^To be Continued.)

Railway Statistics in Great Britain.
From the Lona. Builder, No. 1026.

An average day's work of the railways of the United Kingdom in

1861 was, to carry 500,000 passengers, 258,000 tons of minerals and

merchandise, 35,000 live stock, 1100 dogs, and 740 horses. The
precise number of travelers of the year cannot be stated, because

there is no record of the journeys of season ticket-holders ; but it must

have been more than six times the number of the population of the

United Kingdom. The. Times gives some curious statistics. Thus

:

The trains, passenger and goods trains added together, traveled 2,-

897,748 miles more in 1861 than 1860, which is equivalent to going

round the world 116 times more last year than in the year before.

3,881,990 trains ran in the course of the year; that is to say, up-

wards of 10,600 a day, or more in a day than seven tinv?s the number

of minutes in the day. If the trains had been equally distributed,

running night and day without ceasing, they would have traveled

anaong them 200 miles in every minute. The length of the line open

increased by 436 miles, and became 10,869 miles; and the gross re-

ceipts of the year, X28,565,355, considerably exceeded the interest of

the national debt, and amounted to 8 per cent, on the capital. The
total raised by shares and loans increased from £348,130,127, at the

end of 1860, to £362,327,338; an increase of more than £14,000,000

in the year. The working expt-nditure rose to above 48 per cent.;

and the net receipts only increased by about £130,000, or less than

1 per cent, on the increase of capital. The net receipts were rather

over 4 per cent, on the capital.
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It appears from a Parliamentary return, recently issued, that in the

year ending December last, the Eastern Counties Railway, including

by that terra all the lines now combined under the title of "Great East-

ern," had 1,290,278 first-class passengers; 2,441,575 second-class;

6,133,679 third-class, including Parliamentary. The number of hold-

ers of season tickets was 1647. The number of passenger trains was
118,680, and of goods trains 52,312. The total receipts from all

sources of traffic were, ^1,394,114. The third-class passengers, as

usual, produced the most money. The receipts from them were X257,-

726, from second-class, £209,069, from first class, .£169,294, and
from season tickets, £18,235.

For the Journal of the Franklin Institute.

Problems on Open Built Beams. By D. "Wood, M. A., Prof, of Civil

Engineering University of Michigan.

In hollow beams we assume that the strains upon the fibres follow

the same law as in the solid beam, viz: that the strains are proportion-

ate to the distance from the neutral axis. We also assume that the

neutral axis is at the centre of gravity of the section. I propose to

apply the same principles to a few problems of open built beams, which

is equivalent to neglecting the vertical web of a hollow beam, or dou-

ble T-beam.
On this hypothesis I propose to show

:

1st. That the equivalent depth is usually less than the distance be-

tween the centres of the sections.

2d. That one of the chords may be so much smaller than the other

as to make the whole girder less strong than the large chord alone.

3d. "When the resistances of compression and tension are equal, the

chords will be of equal size only when the breadths or depths are equal.

tt

HEUTRAL JIX/S

Let
5= Breadth of upper chord.

tf=Depth " *'

5'=Breadth of lower chord.

£i'= Depth " "

D= Distance between the centres of the section.

z= " " centre of the upper section and the neu-

tral axis.

z'= Distance from the neutral axis to the centre of the lower sec-

tion.

R= Modules of strain for compression and r' for tension.

I= Moment of inertia.

Vol. XLIV Third Series No. 6.—December, 1862. 33
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To find the centre of gravity of both sections, we have from me-

chanics :

h d %— h' d! z'
',
Also z+z'=d.

''^^bdWd'"'' ^"bdTFd'''- ' • (^-^

The moment of strain of the upper chord is, from the well known
formula

:

I ^ ib{z-hhdy-ih{zidy_ ^bd
I

,
V

''z~TR='' ^:+Td z + hd[^ +^-^^;

r' V d' I , , \
Similarly for the lower cord= ,j^„ (z'^+ 1'2 ^'^'j

Hence the total moment of strain is

M

If the strain become so great that E, or r' becomes the modules of

strength, then the strength of the beam is still determined by equation

T> T> /

(3), observing that of the two fractions ^j-^ and ,
the

smaller must be used.

Thus if the resistance to compression equals that to compression,

or r^r', then the denominator must be the greater of the two quan-

tities {z-\-\d) and (z'+ i d').

If the resistance to compression is twice that for tension,

r'
or, 2 r= r', then will

, .-^^ i, be used, unless z-{-^ dh twice as great
Z ~i~ "^ iX

T>

as z'+ J £?'; if it is more than twice as great then , is used.

The values of R and r' for tension and compression are found by
experiment, and entered in tables.

In the remainder of this article I shall assume that R and r' are

equal to or proportional to their ultimate resistances.

'lib=h' and d= d', then (3) becomes

M=
,

, ,- (za+ 7^2 ^M=^R ^ ^ —l- .... (4.)

Let D=<«M equivalent depth, or such a depth that if the whole sec-

tion of each chord were to act with a uniform resistance of R, and
hence offer a total resistance of R J fZ ; and if this force were concen-

trated at a single point, the total moment, nh di), would be the same
as the moment just found.
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•'•^1
D + d

Developing (5) gives

D,= D— cZ+
^

Z D

(5.)

Z D2
+ &C.

In which, if D be large compared with d, D will be but little more than
D— d, a, conclusion which is reached in an article in the Civil Engi-
neer s Journal, vol. xxv. p. 234. In the article referred to, Dj is com-
pared with D, and the per cent, of error noted ; but the per cent, of

error would be less by using d— \ d— | d' for the depth than D.

To show this numerically, let D= ^i (^ in (5) then

w2 + i

n^-\- n
D.

Let D.,=r?i— 1) c^=(l 1 D= the clear distance between the
^ ^ ^ \ nl

chords. From these we obtain :

—

Value of n.
Usual value.

D.

Correct value.

D,.

Per cent,

of error.
0-2'

Per cent of error

between Dj and Do.

4 Ad 0-8166 D. 18-33 0-75 D. 816
6 6 d 0-8650 D. 13-50 0-83 D. 4-04

8 8 d 8940 D. 10-60 0-87 D, 2-69

10 10 d 0-9121 D. 8 79 0-90 D. 1-32

15 15 d 0-9388 D. 612 0-93 D. 0-93

20 20 d 9531 D. 469 0-95 D. 0-32

It is worthy of remark that the per centage of error is not only less

in the latter than the former case, but that it errs on the side of safety,

while the former does not.

Wiien the chords are much disproportioned, the equivalent depth
may sometimes be less than the clear depth between the chords, and
sometimes greater than the distance between the centre of the chords.

It is not easy to show this from the general equation (3), I shall there-

fore take a numerical example.

Let 6= 1 inch, 6'= 2 inches, D=26 inches,

^= 2 inches, (i'=12 inches.

Then (1) gives z= 24, z'=2; and from (3)

m= 37-44r . (6.)

37-44 R lorro- -LD,= 7-^^

—

^.—=18-72 inches.
^ {b d=^) R

If the lower chord be used, then the maximum strain on it is

(/=-
d
{z'^ld')= 8

2 5

D,=
37-44 R

-=4-87 inches.

which is very much less than D— | d— ^ d'.



388 Civil Engineering.

By using much smaller values for h and t?, the value of Dj for tlie

upper chord will be more than 26 inches.

The strength of the lower chord is ^ r' h' £^'^=48 k', in which if

e'=r, and then compared with (6), it shows us that one of the chords is

stronger than the ivhole truss. The paradox may appear more strik-

ing by supposing r' greater than r.

This seeming paradox is quite similar to the one shown in my arti-

cle on triangular beams, vol. xli. p. 198 of this Journal.*

In this case the strain upon the upper chord is very much greater

R z-\-^ d 25
than upon the lower. The ratio is —,= ,

'^
,,
= -^ = 3|; so that when

the fibres of the upper chord are just on the point of rupturing, those

of the lower are capabre of sustaining d^ times the strain which comes
upon them.

The problem is not simply to find the greatest load which the truss

will sustain, but the greatest which it will sustain without fracturing

either chord. After loading it sufficiently to break the upper chord,

we must in this case increase the load more than 28 per cent, to break

the lower chord. By making the sections of the chords still more dis-

proportionate, the paradox may be made more striking.

We see, then, that there may be a great waste of material by not

making the chords in the proper proportion. We will now investigate

the case of aji Economical Distribution of the Material in the Chords

of an Open Girder.

For this it is well known that the material should be as far removed
as possible from the neutral axes, but as the chords must have depth,

and as D is usually limited, we must investigate limited cases to make
it practical.

If the chords are not equally liable to fracture, then some material

might be removed from the one least liable, without any detriment to

the whole. The first and essential condition, then, is that the extreme

fibres in each chord should be equally liable to fracture. For this we

must have ^^=^-^, (7.)

But z and z' are given in terms of the sections and d; hence equa-

tion (7) will enable us to find one of the quantities when all the others

are known.
If the sections are solid and rectangular, z and z' are given in equa-

tion (1). R b'

b' d'
, -, 7 b d

I 1 7/ /ON

If the sum of the areas of both sections= A, be given, so that

bd+ b' d'=A (U)

then (8) and (9) enable us to find two of the quantities when the other

two are known.

*The strength of a square beam, when the force is applied in the direction of the diagonal, is usually given

as y'o y/'2 R b\ but according to the article referred to, it should bo j'^ v/2 r 63 X 1-09125+.



Problems on Open Built Beams. 389

If, in addition, they are required to be of given strength, then d
must be determined when two of the other quantities are given, which

may be done by combining equations (3), (8), and (9).

In the last case, if a be not given, three of the quantities (6, d, b', d',)

may be assumed, and the other and d may be found from (3) and (8).

A few numerical examples will illustrate the use of these equations.

Let r=r' and b=b'.

Then equation (8) gives d=d', in which case the areas of the two
chords are equal.

Let R=2 r' and d~d'.
Then (8) gives b{2'D— d) = h' (d— rZ).

From which we see that 2b ^b' when d vanishes.

1. Let 6= 1 foot.

Then b (2 j)— l)=b' (d— 1).

2. Let D= 6 feet.

Then b=j\ b'.

Hence b d : b' d' : : 5 : 11.

But R : r' : : 2 : 1.

From which we see that the sections are not inversely proportional

to the ultimate resistances of the material in each.

Let r=r'; d=b'= 'l inches, £^'=16 inches, D= 60 inches.

2 d' 'D-\- d d' d'^
Equation (8) gives ^= \^j^j^^ d'—d'^

6=13-09 inches.

Hence the section of the upper chord is 4X13*09= 52-86.
" " lower " 16X4 =64-00.

These values in equation (3) give

:=^ [^52-36 (33^+li) + 64(27H21i)]]=-(3023-2+U.

Had the upper chord retained its depth, and been 16 inches wide,

thus making it of the same area as the other, we would have by the

same equation

M=^ r64 (30Hli) + 64 [sO' + ^ij 256^= 3069 R.

Deduct the former 3023 r.

M:

Leaves a gain in strength of 46 r.

v- 1 - - f4600 ^
, ^^

which IS a gam of qn^q P^^ cent., or nearly IJ per cent.

But this requires 64— 52-36= 11-64 square inches more material,

or an increase of (tttvoS— ) 1^ P^r cent, nearly.

Example.

Suppose the girder is 200 feet long, and has a load throughout its

whole length of 100 ibs. per inch, and 5= 4 inches, ^'=10 inches,

A=40 inches, and r= r', required d, b', and D, so as to sustain the

load.
33*
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Equations (1), (3), (8), and (9) will enable us to solve it. Observe

., ^ 200X12X100 .. ...
that M = ^ = 30,000.

If the laws which we assumed at the commencement of this article

were true for open girders, then would the investigation which we

have made be of great importance ; but it is not probable that they

are approximately true. When the chords are not connected by a

vertical web, but are connected by ties and braces, the strain is nearly

or quite uniform on all parts of the section, in which case R & cZ re-

presents more nearly the actual resistance than that obtained from the

expression - y dy dx, and r 6 d d more nearly the true moment than

that given by equation (3).

If the strain is exactly uniform on the whole section, then will r 5 d

= r' h' d', or the sections will be inversely proportional to the strains,

and hence for economy they should be inversely proportional to the

ultimate resistances.

These remarks apply to the effective sections. All that is cut away

in the chord subjected to tension, weakens it, while in the one sub-

jected to compression, if the parts cut away be filled, or keyed, with

as good material, the total section would be effective.

The general principles of the investigation are applicable to tubular

girders, for the connecting parts are solid ; but the moment of resist-

ance of the vertical web must be added to the moment of the other

parts for the total moment. This, however, makes d^ still less, for the

area in the immediate vicinity of the neutral axes does not resist

much, but in finding the equivalent depth we assume that each unit

resists an amount equal to r.

On account of these modifications of D,, it should not be assumed in

tubular girders, except for obtaining an approximate value of the sec-

tions.

Railway across the Pyrenees.

From the London Mechanics' Magazine, Sept., 1862.

On August 21, the first railway train drawn by locomotives crossed

the chain of the Cantabrian Pyrenees, over the northern division of

the Tudela and Bilbao Railway, from the seaport of Bilbao to the

town of Miranda on the Ebro. The distance between these two towns

is about sixty-six English miles, of which over forty are in ascending

from the coast to the summit, 2163 feet above the sea, being the

lowest col or pass in the whole range of the Pyrenees. The average

rate of ascent from the sea is 54 feet per mile ; the maximum ascent

is 76 feet. The predominant curvature has a radius of only 300 j'ards,

and the curves are continually reversing. There are two points on

the line at the entrance of the Basin of Ordiraa, distant only 600 yards,

measuring across the gorge or neck of the basin, which are fully 8J
miles distant from each other in traveling along the line, and which
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differ 456 feet in level. The time taken in the transit is 2| hours

;

and the scenery, as may be presumed from the locality, and from the

frequent change of direction on the line, is magnificent and varied.

The last glimpse of the northern landscape the traveler has is over the

Gujuli -waterfall, and down to a depth of 400 feet, to the bottom of the

ravine into which it falls. The descent on the Southern side is very

gradual, the fall being on an average 24 feet per mile to the level of

the Ebro. The total length of the railway is 155 miles— the length

of the portion we have described being 66 miles, and the cost of these

66 miles more than £1,000,000 sterling. The cost of the whole line,

stations, rolling stock, &c., was <£250,000,000, all the capital being

Spanish money, chiefly subscribed in Bilbao and its commercial con-

nexions. Not a share is held out of Spain or its colonies. A model
of the passage of this railway across the Pyrenees is to be seen in

the Engineering Court of the International Exhibition.

MECHANICS, PHYSICS, AND CHEMISTRY.

For the Journal of the Franklin Institute.

On the Giffard hijector. By John W. Nysteom.

The Giff'ard Injector is now gaining very rapidly its proper position

for feeding steam boilers, and as its operation is yet a mystery to

many, it is thought that an article on its theory will not be out of

place in the Journal.

The apparatus is yet a philosophical curiosity. Engineers have call-

ed it a ^'scientific /oy,"'and predict its proper destination to be "m
the shoiv-window of a philosophical instrument maker," proving how
ready we are to condemn what we do not understand.

William Sellers k Co., of this city, are now manufacturing the Gif-

fard injector, and are the sole agents. They have sold about 1200
injectors of difi'erent sizes for locomotive, stationary, agricultural, and
marine boilers.

Its application does away entirely with the necessity of pumps for

feeding boilers, and the various movements for working them in all

classes of engines, and, in fact, wherever a boiler is used and steam
produced ; it is an adjunct to the boiler, and entirely independent of
the engine, and is put in operation by simply opening connexions
with the boiler ; and having no parts in motion, it is not liable to

wear, nor otherwise to get out of order.

The size of this apparatus is comparatively small, and its applica-

tion is rendered especially easy by the fact that it can be placed in

any position, vertical, horizontal, or otherwise, near to, or at a dis-

tance from the boiler, and at any reasonable height above the level of
the feed water.

The apparatus is connected with the boiler by two pipes, one lead-

ing from the steam space, and the other conducted to the lowest con-
venient point of the water space ; it will operate with steam at any
usual pressure, and it will supply itself from the hot-well of a con-
densing engine.
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dl

Referring to tlie illustration, the following are the parts to be de-

scribed :

—

A. Steam pipe leading from tho boiler.

B. A perforated tube or cylinder, through which the steam passes into the space I.

c. Screwed rod for regulating the passage of steam through the annular conical space c,

and worked by the handle d.

E. Suction pipe, leading from the tank or hot-well to small chamber m.

F. Annular conical opening or discharge pipe, the size of which is regulated by the

movement of the tube or cylinder b.



Oil the Giffard Injector. 393

G. Hand-wheel for actuating the cylinder b.

H. Opening, in connexion with the atmosphere, intervening between discharge pipe P

and the receiving pipe through which the water is forced.

I. Tube through which the wafer passes to the boiler.

K. Valve for preventing the return of the water from the boiler when the injector is not

working.

L. Waste or overflow pipe.

M. Nut to tighten the packing ring g and upper packing i in cylinder b.

N. Lock nut to hold si.

There are tyro kinds of injectors made, namely, with adjustable and
Vfith fixed nozzles. The one with fixed nozzles (fig. 3) has not so much
range of delivery as the adjustable one, and I would suggest two in-

jectors for marine boilers ; one with fixed nozzle, calculated for the

net supply of feed, and one of smaller size, with adjustable nozzle, by
which to regulate the feed.

Fig. 3.

The fixed nozzle injector is considerably cheaper, as will be seen in

the price table.

After having examined the injector and its operation, it appears

somewhat curious that steam is able to force water into itself; but

since we know that the injector does work, we are convinced that

there are physical laws brought into action which require further in-

vestigation.

As the steam drives the water into the boiler, it is evident that it is

not the pressure of that steam, but its dynamic momentum that per-

forms the operation. The dynamic momentum in this case is the weight

of steam passed through in a unit of time multiplied by its velocity,

which must be equal to the dynamic momentum of the water and steam

after contact, or the weight of the mixed water and steam multiplied

by its velocity, and this last momentum must be great enough to over-

come the pressure in the steam boiler.

Letters denote

M = weight of steam in pounds which passes through the injector

per hour.

V = velocity in feet per second of the steam.

m = weight of water in pounds forced through the injector per hour.

V = velocity of the mixed water and steam.

As the steam takes the water from a stationary position, the case

will be the same as figure and formula 193, p. 157 Nystrom's Pocket

Book, namely, one mass in motion striking one at rest.
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Steam momentum m v = u (m -f- m) water steam momentum,

and V =? . . . (1.)

In this formula we have given from the performance of the instru-

ment the quantity of the Avater m, and the temperature of the injec-

tion water, which give us the quantity of steam M, and there remains
to find the velocity v of the steam.

Letters denote

P = pressure of steam in pounds per square inch in the boiler, in-

cluding the atmosphere.
S = specific gravity of the steam compared with water.

g = 32-166 force of gravity.

h =: height in feet of a column of steam of uniform density that will

balance its own pressure.

,_ 144p _2-3p
~62-5 s~ s '

The final velocity due to this column of steam Avill be the same as

the velocity of the steam from the boiler passing into a vacuum. For-
mula 1, page 195, Nystrom's Pocket Book.

v=n/22-A=8-02 \f^—

•

^ ^ s

V = 12-166 V-.
s

• • • (2.)

In most steam tables we have the specific gravity of steam com-

pared with air, which multiplied by 0-00129363, the specific gravity

of air, will give the true value of s in formula 2.

Example.—A steam pressure of p = 75 pounds per square inch,

s = 1-991 X 0-001296 = 0-002580336. See Nystrom's Pocket Book,

page 249.

Required the velocity (v = ?) of the steam passing into vacuum?

V = 12-166 >/--i[l ^-- = 2073 feet per second.
0-0025o

For the mixture of water and steam in the injector, letters denote:

Q = cubic feet of steam per hour of temperature t, and volume co-

efiicient k, required to operate the injector.

q = cubic feet of feed water of temperature t to supply the injection

per hour,

i' = temperature of the delivery.

We shall have

1(990° + T)-r^^= «' (1 + 5)

— q'k{i'— t)

From William Sellers & Co.'s experiments with different injectors

- qkit'— t) ,Q X

and Q=990^+^Zr? ' ' ^^'^
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and under different circumstances, we have the following data of a

No. 8 injector:

p = 75 lbs., T = 311°, k = 383, q = 161-6, t = 42°, t' = 134°,

•which inserted in formula 3 will give the quantity of steam,

161-6x383(134° — 42°) .___. ,. „ ^^=
li9U° + ail°-134° ~ = ^^^^'^ '"^^' ^''^-

The weight of this steam will be

M = 4879-3 X 0-00258 x 62-5 = 1224 pounds.

The weight of the injection water will be

??i = 161-6 X 62-5 = 10100 pounds.

Now we have all the values given for formula 1, namely,

M = 1224 lbs., m = 10100 lbs., and v = 2073 feet per second, when
the velocity of the steam and water will be

1224x2073 . . . „ ^ ,

y = Tn Ti—irr-iA?; = 224 leet per second.
1224 + 10100 ^

The column corresponding to this velocity will be (see formula 2,

p. 195, Nystrom's Pocket Book)

v^ 2242
h =rt— = ,. , 00 = 780 feet.

zg b4-od

A column of water pressing 75 lbs. per square inch will be

^i =^—T^^TE— = 173 feet.
62-5

780
From which the force of injection will be jprrj == 4|- times the resist-

ance of the steam in the boiler.

I do not mean to say that this force (4^ times) is fully realized, as

the foam form of the mixed steam and water diminishes the effect con-

siderably, but it has been proved by experiments that an injector can
feed a boiler with 50 per cent, more pressure than that working the

instrument.

For feeding steam boilers, the injector is theoretically perfect ; all

the heat in the steam working the apparatus is returned to the boiler,

except what is lost by radiation ; but for elevating water or for fire-

engines, the injector will not be so economical, as I shall here endea-

vor to show.

The natural effect required for pumping 161-6 cubic feet of water

into a boiler with 75 lbs. pressure will be

144 r/P 144x161-6x60 ^^r,.,
H= 00 AAA an~—00AAA—^A— =" 0-705 horscs.

33000x60 33000x60
The natural effect of 4879-3 cubic feet of steam of 75 lbs. per hour

will be

144 QP _144X 4879-3X60 _
33000 x 60~ 33000X60

--^ o norses.

Or the effect of the steam is 30 times the effect it accomplished in the
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injector. In these formulas the atmospheric pressure is subtracted

from the 75 lbs., leaving p = 60 lbs.

Capahility of the Injector.—The capability of the injector depends

on its size, pressure of steam, and the temperature of the supply water.

Prom the performance of the injector, it is evident that a perfect va-

cuum is necessary at the point where the steam and water meets, for

if the supply water is very hot and the steam is high, the injector may
not work at all. The temperature of the delivery should be much be-

low 212° Fahr. The following formula will show the maximum tem-

perature t of the supply water for a given temperature of steam T un-

der which the instrument will operate :

^ = 222— It. . . . (4.)

Example.—Required the maximum temperature (^= ?) of feed wa-

ter that will work in the injector under a steam pressure of p= 65 lbs.

per square inch T = 301°.

i = 222— 1 301 = 122° the answer.

The capability of the injector will be found by the following for-

mula, in cubic feet of feed water delivered per hour :

12-6 N^ ._ (K\

In which N= number or size of the injector, being the diameter of the

receiving throat in centimetres, which multiplied by 0-63 gives it in

16ths of an inch.

Example.—Required the capability of an injector of the size No. 6,

to be worked with a steam pressure of P = 105 lbs. per square inch,

the temperature of the supply water being i= 45°?

12-6 X 6^

q= j^ n/105 =^ 104 cubic feet per hour.

To find what size injector is required for a given steam engine.

Letters denote

A = area of the cylinder piston in square inches.

s == stroke of piston in feet under which steam is fully admitted.

n = double strokes or revolutions per minute of the engine.

k = volume co-efficient of the steam in the boiler. (See p. 249 Nys-

trom's Pocket Book.)

q = net quantity of water in cubic feet per hour required for feeding

the boiler.

ASM ,n •.

q= —j^-' . . ' (6.)
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Example.—What size injector is required for a steam engine 36
inches diameter, a = 1017*8 square inches area of piston, stroke of

piston s = 4 feet, making n = 52 revolutions per minute, with 60 lbs.

steam, k = 383 ? The required quantity of water will be

^ , ,, 1017-8X4X52 _^„ ,. „ ^ .

Jjormula o, q = ^r^ = ooz cubic leet per hour.

In the preceding table we find under 60 lbs. C55 corresponds with

No. 16, the nearest size injector required.

Should the temperature of the feed water be very high, the size of

the injector should be calculated from this formula

:

=J
A S7lt .„

i2^6^P*
* • • ^'^

The temperature of the delivery will be found in the following for-

mula ; •

. _ 990 + T+m^
^

^^Ti
• • • ^^^

30(180— ,^.

In which m = weight of the water compared with that of the steam

which passes through the injector in a unit of time.

Example.—An injector is to be worked with a steam pressure of

P= 95 lbs. per square inch, T = 328°. The temperature of the sup-

ply-water is ^^=45°. Required the temperature (i' = ?) of the de-

livery ?

30(180 — 45) .^or.

The weight of water will be 12-35 times that of the steam in the de-

livery, and

,_ 990 4- 328 + 12-35x45 _.,,^p^~
12-35 + 1

-1^^,

tlie required temperature of the delivery.

Directions for operating the Injector.—AW the pipes leading to or

from the injector must be of the same diameter as that where it is

connected Avith the apparatus. All the pipes should be supplied with

cocks, by which to regulate the operation, so as to handle the instru-

ment as little as possible. ' The steam-pipe should be taken from the

highest part of the boiler, so as to avoid priming, which prevents the

efficient working of the injector. The delivery-pipe should be as short

and straight as possible, to reduce friction. The injector should not

be attached to the steam-pipe leading to an engine, unless the pipe be

unusually large ; the variation in pressure will break up the jet. It is

very important that the water supply-pipe should be short and straight

where the water does not gravitate to the injector ; for this reason this

pipe should be carried vertically down as far as the water-level in the
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supply-cistern, which must not be more than five feet below the water

chamber in the injector. In locating the instrument, place it as low as

possible, as the injector is started more easily under a head. In at-

taching the injector to small boilers generating a great quantity of

steam, care must be taken to prevent the oscillation in the steam pres-

sure from being suddenly communicated to the injector, as this will

break up the jet ; for this reason the opening of the injector-pipe on
locomotives should not be close to that leading to the cylinder; start-

ing the engine will make the injector cease working if this difficulty is

not guarded against. A good preventive in such cases is to admit the

steam to the injector through numerous small openings, in place of

one large one.

AVhen the apparatus is to be started, turn the wheel so as to admit

a small quantity of water, then open the steam-cock, turn slightly the

handle, which will admit a small quantity of steam; and a partial va-

cuum is thus produced, causing the water to enter through the supply-

pipe. When it is observed at the overflow-pipe that the injector takes

the water, the supply of steam or water may be increased as required,

up to the full capacity of the instrument.

The jamming down of the handles d and G should be avoided; the

instrument is made neither steam nor water-tight, and when stopped,

the steam and water must be shut off by the cocks in the pipes.

Oil of Asphaltum for tlie Presei^ation of Boilers.

M. Dollfus reports to the Societe Industrielle of Mulhouse his suc-

cess in using the heavy oil extracted by M. Lebel from the asphaltum
and bitumen at Pechelbronn. He says that it is perfectly successful

and very economical as an unguent for heavy machinery. He applied

it to the inner surface of his boilers and heaters by warming them so

as to make the oil more fluid, and then applying it in a thin coat by
means of a common broom. The results were very satisfactory; the

calcareous crusts were gradually detached and the metal every where
exposed. " I continue to use the oil whenever I clean a boiler, and I

judge that the expense, which is about 10 kilos. (20 lbs.) for a boiler

of 45 horse-power, is largely compensated by the economy of fuel in

consequence of the metal being clean : repairs are also much less fre-

quent, as the boilers do not burn out so freely."

—

Bulletin de la So-
ciete Industrielle de Mulhouse.

Paraffin Oils.

From the London Intellectual tjbsem-r. July, 1862.

At the request of the Manchester Sanitary Association, Mr. Charles
O'Xeil, F. C. S., has examined many specimens of paraffin oils. Out
of twenty-five bought in Marichester, sixteen agreed with the genuine
samples of the Paraffin Company; the other nine differed from these,

and from each other ; three or four purported to be American, and
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were callefl petroline, kerosine, and photogene. He also obtained

fourteen samples from the springs in Pennsylvania and Canada. One
sample from London and one from Liverpool formed an explosive va-

por with air at as low a temperature as 60° Fahr., and might be con-

sidered as decidedly unsafe. At 85° there gave an explosive mixture

with air. Of the remainder, only four formed an explosive mixture

at 100°. Of the rest three did the same at 120°, and the twenty that

were left did so at 150°. Of the twenty that would not make an ex-

plosive mixture at 12U°, two were American, and eighteen Young's,

all of whose manufacture were found safe. Out of thirty-two samples,

twenty were quite safe, three less so, and nine dangerous. In specific

gravity, the American oils are generally below 816°, but two bad sam-
ples were as high as 865°. Thus specific gravity is no test of their

safety. Nor is the boiling point, as many substances have so high a

difi"usive power as to compensate for high boiling points—coal naphtha,

for example, which boils at 260°, gives an explosive mixture almost

instantly even at the freezing point.

Action of Mordants in Dyeing, and the ijresence of Titanium in

good Iron.
From the London Intellectual Observer, July, 1862.

On May 29th, several interesting papers were read. An elaborate

memoir by Mr. W. Crum, "On the action of Mordants in Dyeing,"
explained, with much detail, the nature of the union between fabrics

and dyeing materials. Mr. Crum repudiated the idea that any chem-
ical union took place, but regarded the action in some cases as one of

adhesion to an extended surface, in others where the coloring matter
(or mordant and coloring matter) is in solution, absorption took place.

The structure of the fibre bears out this view, for on examinins: cot-

ton under the microscope it is seen to be composed of flattened tubes

with translucent walls, permeable, no doubt, to fluids. When mor-
dants are used they are often deposited within the fibre, and retained

there mechanically, and afterwards, combining with the dye, serve to

fix it in the material. What is technically termed dead cotton does

not take the dye, for being immature or imperfectly formed fibre, it

possesses no central tube; it occurs in small quantities along with or-

dinary cotton, and remains white and unaffected after mordanting and
dyeing. Mr. Crum exhibited numerous specimens of dyed and printed

cotton fabrics in which threads and bundles of undyed dead fibres were
very Avell seen.

On the same evening, Mr. Riley read a paper in which he announced
the presence of titanic acid in a number of specimens of clay which
he had tested for that substance; he believed that it was an invariable

constituent of clay. He found also, that in all cases in which the

blast furnaces produced good iron, titanium was present. This result

is in accordance with the conclusions of several chemists and manu-
facturers, who have pursued experiments in the same direction.

Proceedings Cbem. Soc, May 29, 1862.
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On the Constitution of Sea- Water, at different Depths, and in different

Latitudes. By George Forchhammer, Ph. I)., Professor of Mi-
neralogy in the University of Copenhagen.

Proc r.oyal Society, May 22, 18G2.

Professor Forchhammer was present at the meeting, and, by request

of the President, gave a statement of the principal results of his re-

searches. He first, however, took occasion to express his great satis-

faction in being allowed the opportunity of personally and gratefully

acknowledging the liberality with which men of science in this country
Jiad entered into his views and supplied him with specimens requisite

for carrying on his inquiries ; and he particularly mentioned the name
of a late distinguished Fellow of this Society, Sir James Clark Ross,

who had kindly furnished various samples of sea-water procured in his

Antarctic voyage.

The number of elements hitherto found in sea-water the author stated

to be thirty-one, viz : Oxygen, Hydrogen, Azote in ammonia. Car-

bon in carbonic acid. Chlorine, Bromine, Iodine, in fuci, Fluorine in

combination with calcium. Sulphur as sulphuric acid, Phosphorus as

phosphoric acid, Silicium as silica. Boron as boracic acid, discovered

by the author both in sea-water and in sea-weeds. Silver in the Po-
cillopora alcicornis. Copper very frequent both in animals and plants

of the sea, Lead very frequent in marine organisms, Zinc principally

in sea-plants, Cobalt and Nickel in sea-plants, Iron, Manganese, Alu-
minium, Magnesium, Calcium, Strontium and Barium, the latter two
as sulphates in fucoid plants, Sodium, Potassium. These twenty-seven

elements the author himself had ascertained to occur in sea-water ; the

presence of the next four elements, viz: Lithium, Ccesium, Rubidium,
and Arsenic, has been shown by other chemists.

Of these elements only a few occur in such quantity that their de-

termination has any notable influence on the quantitative analysis of

sea-water, viz : Chlorine, Sulphuric acid. Magnesia, Lime, Potash, and
Soda. The others, as far as their existence has been determined in the

sea-water itself, are found in the residue which remains after evapora-

tion to dryness and redissolution of the salts in water.

The author next stated that in the water of the ocean far from the

shores the principal ingredients always occur very nearly in the same
proportions. If we assume chlorine=100, the mean proportion of the

other leadins: constituents is as follows :

—

M,ean proportion. Maximum. Minimum.

Sulphuric acid, , 11-89 12 09 1 1 -6.5

Lime, , 2.96 3-16 2-87

Magnesia, . 11-07 11 28 10 95
All salts, . ISMO 181-40 ISO 60

)

These proportions apply only to specimens obtained at a long dis-

tance from shores, or in the open ocean. In the interior of the Baltic,

for instance, the proportion of chlorine to sulphuric acid is as 100 to
14-97—to lime as 100 to 7-48

; and the proportion of chlorine to all

salts as 100 to 223-0. This constant proportion of the different con-

34 •
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stituents in the ocean depends evidently not upon any clieniical com-

bination and affinity between the different substances, but upon the

enormous quantity of salts in the whole ocean, which renders imper-

ceptible any difference that might otherwise arise from the different

proportion in which salts are carried into the sea by rivers. It depends

besides, on the uniform action of the numberless organic beings inhabit-

ing the ocean which abstract sulphuric acid, lime, potash, and magne-

sia from the water, and render them insoluble.

The mean quantity of solid matter in the water of the ocean gene-

rally, the author found to be 34-304 per 1000. To determine this

mean quantity he has divided the ocean into regions, viz :

—

1st Region. Atlantic, from the Equator to 30° N. lat. ; mean
36-169.

2d Region. Atlantic, from 30^ N. lat. to a line from the north

of Scotland to the north of Newfoundland ; mean 35-976.

3d Region. From the northern boundary of region 2 to the south

coast of Greenland ; mean 35-556.

4th Region. Davis's Strait and Baffin's Bay; mean 33-167.

5th Region. Atlantic, between and 30° S. lat. ; mean 36-472.

6th Region. Atlantic, between 30° S. lat. and a line from the

southernmost point of Africa to the southernmost point of America

;

mean 35-038.

7th Region. Between Africa and the East Indian Islands ; mean
33-868.

8th Region. Between the East Indian and the Aleutic Islands

;

mean 33-506.

9th Region. Betw^ecn the Aleutic and the Society Islands ; mean
35-219.

10th Reo-ion. The Patag-onian stream of cold water ; mean 33-966.or? '

11th. The Antarctic region ; mean 28-563.

Besides these regions of the great ocean, the author enumerates some

other regions, which are under the decided influence of the surround-

ing land. Such are the North Sea, with a mean quantity of solid mat-

ter of 32-806 per 1000; the Kattegat and Sound, with a mean of

15-126 ; the Baltic, mean 4807 ; the Mediterranean, mean about 37-5
;

the Black Sea, mean 15-894. Of the proportion in the large bays of

America the author had only one observation, viz; in water from the

Caribbean Sea, in which the quantity of saline matter was found to be

36-104 per 1000.

The author then showed that the equatorial regions contain the

greatest percentage of saline matter, and that this peculiarity is owing

to the evaporation under and in the neighborhood of the line being

greater than the quantity of water supplied by the rain falling on the

sea and by the rivers flowing from the land ; that the equilibrium is

maintained by polar currents, which bring water with less saline mat-

ter to the equatorial regions. The mean quantity of saline ingredients

in the equatorial regions of the ocean is about 36-2 per 1000, while in

the polar regions it is about 33-5.

The North Atlantic Ocean contains much more salt than the South
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Atlantic, which the author explains by the prevailing influence of the

Gulf-stream : and from his analyses of many samples of water taken

in the current which flows from N. E. to S. W., between Iceland and
the east coast of Greenland, he thinks it highly probable that this East

Greenland current is in reality not a polar current, but a returning

branch of the Galf-stream, its mean quantity of salt being nearly the

same as in the northern part of the Atlantic Ocean, viz : 35'5 per 1000.

The author then compared the Mediterranean with the Baltic, and
stated that there is a double current at the entrance of the Baltic as

well as in the Straits of Gibraltar ; but with this difference, that the

under-current of the Mediterranean runs out of, and the surface-cur-

rent generally runs into, that sea ; whereas the under-current of the

Baltic is an entering one, and the surface-current of the Sound gener-

ally runs out into the Kattegat and North Sea. He showed, moreover,

that the deep water in both seas is richer in salt than that from the

surface, and consequently has a greater specific gravity.

In the Atlantic he found the reverse, viz : that the quantity of saline

ingredients in the water decreases with the depth, if the samples are

taken at some distance from the shore ; and as his analyses are suffi-

ciently numerous, and include specimens from great depths (12,000

feet), he considers this unexpected result to be tolerably well estab-

lished. He thinks that this fact would prove the existence of a polar

current in the depths of the Atlantic, as well as in some parts of its

surface.

In the sea to the east of Africa he found the quantity of saline

matter slightly increasing with the depth.

Crigantic Classes of Rolled and Forged Iron.

From the lutellectual Observer, June, 1862.

Among the stupendous masses of iron exhibited* may be mentioned
the forged double crank shaft weighing twenty-five tons, and designed

for the engines of one of the new armor-plated vessels now building.

Forged armor-plates are also shown more than six feet in width, that

can be manufactured of any thickness and almost of any length re-

quired, and a rolled boiler plate 112 square feet is exhibited.
* At the lateraational Exhibition.

The Exportation of Iron from Great Britain.
From the Mechanic's Magazine, August, 1862.

The exportation of iron in its various forms experienced some re-

duction last year, the total value of the iron and steel sent abroad
having been £10,341,574, against X 12,154,097 in 1860. There was
an increase in pig from ,£974,065 to £1,047,318; but bar, bolt, and
rod iron declined from £2,385,871 to £ 1,885,605; railroad iron from
£3,408,759 to £2,903,357; cast iron, from £832,638; wire, from
£250,087 to £207,317 ; wrought iron of all kinds, from £3,317,349
to £2,868,923; and unwrought steel, from £986,228 to £727,840.
It was in 1853 that the export iron trade assumed its present large
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proportions, having increased in that year to £, 10,845,422 as com-
pared with £ 6,684,276 in 1852, X 5,830,370 in 1851, &c. The value

of the machinery exported last year was never exceeded in any pre-

vious twelve months, steam engines having figured for ,£1,248,467,

and other kinds of mechanical apparatus for <£ 2, 976,221; while in

1860 the totals were £ 1,238,333 and £ 2,599,488 respectively. In
1850 the value of the steam engines exported was only X 423,977, and
of the general machinery £618,189; so that during the last ten or

eleven years a vast development has taken place in the demand for

British machinery in foreign countries and in the colonies.

An Improved 3Iode of and Ajjparatus for Transmitting Despatches

and Small Articles, by the agency of Electricity. Patented by
Henry Cook, of Manchester.—Dated 8th January, 1862.

From Xewton's London Journal of Arts, September, 1862.

This invention relates to a novel method of transmitting written or

printed despatches, letters, or other small articles, by electricity. The
telegram, despatch, or information to be transmitted, is written or

jorinted on paper, placed in a carriage, which runs along a line of

railway, laid in a tube or pipe formed of a series of hollow electric

coils or electro-magnets. The carriage is propelled by the agency of

magnetic electricity, which is induced in the hollow coils by a traveling

battery mounted on the carriage. It is well known that a bobbin,

surrounded with coils of insulated iron or copper wire, has the power,

when the above-mentioned wire has a current of electricity passed

through it, of attracting into its interior a bar of iron of the leno;th

of the bobbin. Upon this principle the electric propeller for transport-

ing despatches, letters, and other small articles, is constructed.

On the Chemistry of Digestion. By Dr. Marcet.
From the LonJ. Cliemical News, No. 131.

Until very recently but little attention had been bestowed by chem-

ists on those cl^anges which go on under the influence of organic life,

and, in consequence, many vague speculations had been entertained

and published concerning this most interesting department of science;

of late years, however, many able investigators had taken the subject

in hand, and much progress had already been made. Many obstacles

attended these inquiries on account of the difiiculty of observing the

conditions of the immediate principles during life ; the term " imme-

diate principles " being applied to those substances produced by or-

ganic life from which no less complex body could be obtained without

a complete destruction of the substance in question. As an example

of the power possessed by organic substances of preventing ordinary

chemical reactions, the influence of albumen or the serum of blood on

lactate of iron was shown. A mixture of this salt with white of eg^

gave no color with ferrocyanide of potassium, although the lactate it-

self furnished the ordinary blue precipitate. With respect more es-
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pecially to the chemistry of digestion, it appeared that after a long

fast the contents of the stomach were alkaline, and very small in quan-

tity ; as soon, however, as food was introduced, the gastric juice was

secreted in quantity, and an acid reaction Avas perceptible. The ob-

ject of the action of the gastric juice was, no doubt, to render the food

capable of absorption ; and accordingly it was found that albuminous,

gelatinous, and other similar matters introduced into the stomach, be-

came converted into a substance called "peptone," which, according

to Lehmann, might be viewed as the same body, whatever nitrogenous

food was employed ; it had been shown, however, that the peptones

resulting from the digestion of cartilage and the mucous membranes
rotated the plane of polarization of light, whereas peptones from albu-

men had not this power. The gastric juice, which was at first abun-

dant, gradually diminished in quantity and became more acid, proba-

bly in order that it might act on the less masticated or less easily

digestible portions of the food. Besides the conversion of the albumin-

ous matter into peptone, another important change took place in the

stomach, namely, the decomposition of the neutral fats and setting

free of the fatty acids ; this was an important decomposition, for the

bile would form an emulsion with a fatty acid, but not with a neutral

fat ; some of the fat sometimes escaped decomposition, but the pan-

creatic secretion formed an emulsion with this portion. The formation

of an emulsion seemed to depend on the incrustation of each globule

with a layer of soap, which prevented the globules from coalescing,

and increased their specific gravity, so that they remained for a long

time suspended in the liquid. Dr. Marcet considered that in experi-

ments on digestion it was always better to employ gastric juice obtain-

ed directly from the stomach of an animal, instead of an artificial com-

pound, such as was employed by some physiologists. There was some
dispute as to the nature of the free acid existing in the gastric juice,

—some supposed it consisted of hydrochloric acid, while others im-

agined that other free acids, especially lactic acids, were present ; since

quantitative determinations of the amount of hydrochloric acid and of

the bases present in the gastric juice showed that there was more hy-

drochloric acid than was sufficient to combine with all the base, it

was evident that there must be some free hydrochloric acid present;

it was highly probable, however, that other acids were present in a

free state, for on placing some gastric juice in a dialyzer and leaving

it until all the hydrochloric acid had passed away, the remaining mat-
ter was found to be still acid. It had been supposed that the soda in-

troduced in the shape of common salt with the hydrochloric acid of

the gastric juice, was employed in the formation of bile ; but it ap-

peared from the interesting researches of Dr. Bence Jones that this

was not exactly the case, for healthy blood was always alkaline, but

appeared to have an incessant tendency to become acid ; the acid was,

however, as rapidly removed by the secreting organs ; and it had been
found that when the secretion of gastric juice was active the urine be-

came less acid, and it gradually increased in acidity as the gastric se-

cretion was moderated, so that the two actions balanced one another.
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It appeared that if no salt were supplied with the food eaten, the hy-
drochloric acid secreted was totally absorbed again with the food, fur-

nishing an example of that wonderful power of adaptation to circum-
stances which enabled animal life to continue under varying external

conditions. The only materials of the food that passed through the

stomach and intestines undigested were such substances as hair, horns,

&c. ; together with these, however, a small quantity of excrementi-
tious matter, obtained from the various secretions poured into the intes-

tines, was always present, and a crystalline matter of definite chemi-

cal composition, and bearing some analogy to cholesterine, might be
extracted from it.

Lecture before the Royal Institution of Great Britain, on Coal.

By Warrington W. Smyth, Esq., F. R. S.

From Newtou's London Journal, September, 1862.

The speaker commenced by proposing to select one portion only of

a very large subject ; and, neglecting chemical and statistical and
raining particulars with reference to this important mineral, to confine

himself to the physical conditions under which it is found to occur.

The enormous value of the coal of this country might be understood

from the simple facts that nearly 300,000 of our fellow-subjects find

their employment in the coal-mines : and that the total quantity raised

in 1860 amounted to no less than eighty-four millions of tons.

Mr. Smyth then proceeded to describe the nature of the various

substances with which the coal is associated, referring to specimens on
the table from the field of South Yorkshire. Comparison was made
between the total thickness of carboniferous rocks or coal measures of

different districts, as well as between the total thickness of coal (in the

aggregate of the seams) ; and hence, it was shown, we have one reason

for not estimating the value of a coal-field merely by its area, as we
find it laid down in a geological map. Thus, the well-known Dui'ham

field, Avith a thickness of measures of about 2000 feet, has a total thick-

ness of coal of 50 feet. The Derbyshire, 2000, and almost twice the

thickness of coal ; the North Staffordshire, 6000 feet of measures, and
130 of coal ; whilst the South Welsh and Saarbrucken fields exhibit

thicknesses of 12,000 to 15,000 feet, with a proportionate increase)

especially in the latter) of coal.

A second reason for mistrusting area as a criterion of the import-

ance of a coal district, is the various forms into which the coal mea-

sures have been thrown or moulded by agencies operating at a later

date in the earth's crust, whence some districts may exhibit by out-

crops an indication of the full amount of their entire contents, whilst

in others the beds pass with a gradual inclination beneath newer for-

mations, through which they may nevertheless be accessible. As in-

stances of this were quoted the vast accession of mineral wealth add-

ed, even in the last twelve years, to the Westphalian coal-field, by the

explorations carried out through the covering of cretaceous rocks

which clothe the northern side of the coal-field, and the remarkable
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pit lately completed by the Duke of Newcastle, at Sliireoak, wliich

commenced at a distance of several miles from any visible coal-mea-

sures, pierced the new red sandstone and magnesian limestone, and
reached the "top-hard " coal at 515 yards in depth.

Mr. Smyth then described certain physical features produced in the

coal seams subsequently to their consolidation, such as the cleat and
hacks, or various nearly vertical divisions, often more or less filled

with carbonate of lime or iron pyrites, which add greatly to the

amount of ash and clinker.

In referring afterwards to the principal families of plants which are

found either in, or associated with, the coal, he wished to show that

their occurrence throws a light on the origin of the coal seams, which
again becomes an important guide in enabling us to judge of the con-

tinuity of various fields,—a question fraught with vital importance, in

consequence of the rapid rate at which some of them are being ex-

hausted. Thus the position of the stigmaria in the under-clay or floor

of the seam, and of the stems oi Sigillaria, Lejndodendron, Calamites,

&c., in the roof strata, point to the probability of the growth of the

vegetable matter in situ. The existence of numerous upright stems,

and especially those occurring so often and so dangerously to the miners

in the roof of certain coals, is a strong confirmation of the gradual

depression of the tract in which these plants grew ; and Goppert has

shown that the careful examination of a number of seams proves the

existence in the coal itself of every family of plant which has been
met with in the coal measures.

Thus much had referred to the true carboniferous period, in which
it is commonly supposed that a vigorous vegetation first arose, but the

speaker described his finding, a few months since, in the Laxey lead

and copper mine, in the Isle of Man, at 120 fathoms deep, a seam of

anthracite coal, three to four inches thick, in the midst of ancient

schists, probably Lower Silurian. He then referred to coaly and lig-

nitic beds in newer formations, especially to the tertiary brown coal,

which in continental, and especially in Southern Europe, attains to

great importance. The excellent preservation of the vegetable re-

mains in the lignite has enabled linger and Heer to make accurate

comparison with existing floras, and to show that the tertiary flora

had nothing in common with our present flora in Europe, but an ex-

traordinary resemblance to that of modern North America. This was
especially to be noticed in closely similar species of the genera Liqiii-

dambar, Liriodendron, favia, Nyssa^ Mobinia, Taxodium, Sequoia,

Juglans, Glycyrrhiza, Cere is, Laurus, Rhododendron, Cissus, and
certain oaks and pines. There was hence no retreating from the con-

clusion, that at this portion of the tertiary period, a land communica-
tion must have existed between America and Europe. Fragments of

that land, with relics of the same tertiary flora, still exist in Iceland

and the Azores, with their surturhrand and lignites ; and thus, that

Atlantis, which is generally set down as a dream of the poets, is

brought again into solid existence by the studies of the geologist. A
relation of this kind at a comparatively recent period, throws a light
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on the causes of phenomena belonging to an earlier epoch, and
•will enable us to form conclusions, if not upon the absolute contem-
poraneity of certain beds or groups of coal measures, at all events

upon the physical connexion, within a given period, of the agencies
which were forming coal not only in the various fields of Europe, but
also in North America ; and the speaker concluded by pointing out
that the reasoning on the continuity among one another of our British

coal fields, or of them with those of Belgium and North France, de-

pends on somewhat complex data, which scientific investigation can
alone afford.

On the Rigidity of the Earth. By Prof. William Thomson, F. R. S.

(Abstract.)

The author proves that unless the solid substance of the earth be
on the whole of extremely rigid material, more rigid for instance than

steel, it must yield under the tide-generating influence of sun and
moon to such an extent as to very sensibly diminish the actual phe-

nomena of the tides, and of precession and nutation. Results of a

mathematical theory of the deformation of elastic spheroids, to be

communicated to the Royal Society on an early occasion, are used to

illustrate this subject. For instance, it is shown that a homogeneous
incompressible elastic spheroid of the same mass and volume as the

earth, would, if of the same rigidity as glass, yield about |, or if of

the same rigidity as steel, about | of the extent that a perfectly fluid

globe of the same density would yield to the lunar and solar tide-gene-

rating influence. The actual phenomena of tides (that is, the relative

motions of a comparatively light liquid flowing over the outer surface

of the solid substance of the earth), and the amounts of precession and

nutation, would in the one case be only §, and in the other | of the

amounts which a perfectly rigid spheroid of the same dimensions, the

same figure, the same homogeneous density, would exhibit in the same
circumstances. The close agreement with the results of observation

presented by the theory of precession and nutation, always hitherto

worked out on the supposition that the solid parts of the earth are

perfectly rigid, renders it scarcely possible to admit that there can be

any such discrepancy between them as 3 to 5, and therefore almost

necessary to conclude that the earth is on the whole much more rigid

than steel. But to make an accurate comparison between theory and

observation, as to precession, it is necessary to know the absolute

amount of the moment of inertia about some diameter; and from this

we are prevented by the ignorance in which we must always be as to

the actual law of density in the interior. Hence the author antici-

pates that the actual deformation of the solid earth by the lunar and

solar influence may be more decisively tested by observing the lunar

fortnightly and the solar half-yearly tides.* These tides, it may be

supposed, will follow very closely the "equilibrium theory" of Daniel

*nigh tide, as far as the influence of either body is concerned, is produced at the poles, and low (average)

water at the equator, when its declination, wliether north or south, is greatest, and low water at the poles

and high water at the equator, when the disturbing body crossus the plane of the equator.



Bank-Note Splitting. 409

Bernouilli for all oceanic stations, and the author suggests Iceland

and Teneriffe as two stations well adapted for the differential observa-

tions that would be required.

The earth's upper crust is possibly on the whole as rigid as glass,

more probably less than more. But even the imperfect data for judg-

ing referred to above, render it certain that the earth as a whole must

he far more rigid than glass, and probably even more rigid than steel.

Hence the interior must be on the whole more rigid, and probably

many times more rigid, than the upper crust. This is just what, if

the whole interior of the earth is solid, might be expected, when the

enormous pressure in the interior is considered; but it is utterly in-

consistent with the hypothesis held by so many geologists that the

earth is a mass of melted matter enclosed in a solid shell of only 30

to 100 miles thickness. Hence the investigations now brought for-

ward confirm the conclusions arrived at by Mr. Hopkins, that the solid

crust of the earth cannot be less than 800 miles thick. The author

indeed believes it to be extremely improbable that any crust thinner

than 2000 or 2500 miles could maintain its figure with sufficient rigid-

ity against the tide-generating forces of the sun and moon, to allow

the phenomena of the ocean tides and of precession and nutation to be

as they are.
Proc. Koyal Society, May 15, 1862.

An Ancient Baker's last Batch.
From the Lond. Builder, No. 1021.

We learn from Galignani, and other sources, that a curious discovery

has just been made at Pompeii. In a house in course of excavation an
oven was found, closed with an iron door, on opening which a batch of

eighty-one loaves, put in nearly eighteen hundred years ago, and now
somewhat overdone, was discovered; and even the large iron shovel

with which they had been neatly laid in rows. The loaves were but

slightly over-baked by the lava heat, having been protected by a quan-

tity of ashes covering the door. There is no baker's mark on the loaves

;

they are circular, about nine inches in diameter, rather flat, and indented

(evidently with the baker's elbow) in the centre ; and are slightly raised

at the sides, and divided by deep lines radiating from the centre into

eight segments. They are now of a deep brown color, and hard, but

very light. In the same shop were found 561 bronze and 53 silver

coins. A mill, with a great quantity of corn in excellent preservation,

has also been discovered.

Bank-Note Splitting

From the Meclianic's Magazine, August, 1862.

Mr. Thomas Millard, a native of Bath, now one of the Queen's book-

binders, under the librarian at Windsor Castle, has discovered a method
of splitting bank notes or any other sheets of paper. By the courtesy

of Mr. Gregory, of Bath street, with whom Millard served his time as

an apprentice, specimens of the young man's ingenuity, consisting of

a £ 5 Bank of England note, a sheet of the Times, of the Illustrated

Voii. XLIV.—Third Series—No. 6.—Dzcbmbbb, 1863. 35
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London News, of the Bath Journal, and of the Daily Telegraph, each

of which has heen split cleanly and cleverly into two parts, without

any rent or tear, have been exhibited to inany of our fellow-citizens

during the past week. There can be no mistake about the matter,

as we have now before us a copy of a leaf of our own Journal com-

pletely split in two. The separate parts could well be printed on at

the back, but the separation of the flimsy paper of the Telegraph seems

equally complete. The engravings in the illustrated journal are

brought out more clearly by the process, and when mounted on card-

board present a strikingly improved appearance. The discovery is

applied by Mr. Millard to practical use in print-mounting, and in re-

pairing torn leaves of books, which he can so skilfully manage that

the junction of the new and old paper can with difficulty be distin-

guished. The mounting of the old prints upon paper is also so com-

plete, that the specimens we have seen seem impressed upon the origi-

nal paper. Unscrupulous people would certainly turn this plan of

bank-note splitting to profitable account, if they could find it out, in-

asmuch as the halves could be made as stiff as the whole, the blank

parts could be printed in imitation of the original, and the water-mark

would of course be perfect. A cotemporary says that " Mr. Millard

has devised a method of manufacturing paper that cannot be split,

and bankers will probably soon be compelled to make use of his in-

vention
;

" but this we understand is a mistake. Mr. Millard, to

prevent the difficulty which might arise to the Bank of England for

having their water-mark left on blank pieces of paper, upon which

might be printed fac similes of their notes, suggests a plan for the

prevention of the fraud. We are glad to hear that Her Majesty, in

consideration of the talent displayed by Mr. Millard in this discovery,

has already been pleased to order that he should have an increased

salary. We hope that this discovery may further lead to his pecuniary

advantage.

—

Keene's Bath Journal,

History of the 3fanufacture of Instantaneous Light.—Extracted from

a Lecture by Prof. Lyon Playfair, before the Royal Institution of

Great Britain, June 5th, 1862.

From the London Chemical News, No. 137.

I cannot tell you who was the first inventor of a means of getting

instantaneous light. Many admirers of Prometheus declare that it was

Prometheus, but he does not do so himself. He says this :

—

"I am he who sought the source of fire,

Enclosing it hid in my narthex stafl";

And it hath shown itself a friend to man,
And teacher of all arts."

You recollect the circumstances under which Prometheus got the fire.

Jupiter was so angry with Prometheus for having stufted a bull's skin

with bones and passed it oif as a real carcase for a votive offering, that

he took away fire from the earth to punish Prometheus. AVe might

suppose that the father of the gods removed the fire lest the ingenious
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Prometheus should have made phosphorus from the bones, and thus

become independent of the gods. Whether man would thus have been
independent of the gods for fire I do not know, but fire was taken from

the earth. What Prometheus actually did was only to steal fire from

the chariot of tlie sun and keep it alive, until he reached the earth

and gave it to man, by blowing it with the pith of the giant Fennel,

which he used as a staff. We are told by Pliny and Virgil that the

tinder-box, similar to those used by us, was well known in their time.

They describe the properties of the flint and steel, and Virgil says

that dry leaves may be ignited by means of the flint and steel with

the rapidity of speech. The savages of various countries found for

themselves a means of getting a light, which was far from instantane-

ous. I think that it would require much more dexterity than we can

employ, to demonstrate how a light may be got by rubbing together

two pieces of wood ; but we can get sufficient heat in that way to ignite

some substances which are more combustible than the wood itself. Mr.
Mclvor will rub these two pieces of wood together, and you see that

in a little time they become very hot. Now they are smoking violently.

Observe that there is now heat enough to ignite a piece of phosphorus
readily. In this case the friction by a philosophical process, which I

need not describe just now, is sufficient to produce a large quantity of

heat ; and savage tribes have been accustomed to use that friction to

obtain a source of light. For a long time, as many of my older hearers

will recollect, our only means of obtaining an instantaneous light, even
within my own recollection, was the tinder-box. The tinder-box with

its trio was familiar to many of us—burnt-rag, flint, and steel. These
were used to obtain a flame, and then in addition to this trio there was
the sulphur-match, which was ignited after the flame had been obtain-

ed by the sparks falling among the burnt-rag. If the rag were not

damp, and every thing was in perfect order, you could get a light in.

a short time ; but if the rag were at all damp, or the day was drafty,

you might get a light perhaps in a quarter of an hour. [The lecturer

here illustrated the use of the tinder-box.] There, now we have got a
.light, and by blowing it up I may succeed in getting the sulphur-match

alight. I recollect when I was a boy remaining for at least half an
hour in a castle which I was to be shown over, whilst a light was got

in this way. Tedious, however, as this process is, I find that there

are even in London at this very moment some venerable ancients who
still use nothing but the tinder-box as a means of obtaining a light. I

bought this specimen in the Edgware Road, and I was assured by the

shop-keeper that there was still a steady though not brisk sale for this

antiquated contrivance, and that notwithstanding lucifer-matches there

are several who resort to this mode of obtaining a light.

The first invention which led the attention of chemists to the im-

portance of a means of obtaining an instantaneous light occurred in

1820, when Dobereiner produced a lamp of an elegant character. You
will see it represented in this diagram. Here is a vessel in which hy-
drogen gas is collected. The hydrogen gas is formed by the action of

sulphuric acid and water upon zinc. These acting upon the zinc produce
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hydrogen, and the hydrogen rises here, and as it is formed it expels

the acid from the vessel, so that it no longer acts upon the zinc. I

have in this way a reservoir of hydrogen ; and now if I take a piece of

spongy platinum, which has the power of absorbing oxygen from the

air and condensing it within its pores, and bring this platinum in con-

tact with the hydrogen, you see that it gets red hot, and ignites the

hydrogen. Thus, you see that this plan of applying hydrogen for the

purpose of acting upon the oxygen condensed in spongy platinum is a

method by which a light can be obtained. The spongy platinum ab-

sorbing oxygen, presented oxygen to the hydrogen, and caused the

formation of water, and in the formation of water so much heat was
produced that the hydrogen became ignited, and a light was obtained.

One disadvantage which prevented it being universally adopted was
simply this : that the least speck or fouling of the spongy platinum

puts the lamp out of order. For instance, this may have been in order

five minutes ago, and it may be out of order now. Some dust or dirt

may have got upon the spongy platinum. Still, the application was so

elegant that it drew the attention of scientific men to the importance

of getting an instantaneous light.

The next invention consisted in mixing phosphorus and sulphur in

a bottle, and then taking them out upon a splint of wood, which was
rubbed, and a light obtained in that way.

Then came the method of getting a light by means of chlorate of

potash and sulphuric acid. Here I have some chlorate of potash mixed

with sugar, and I place a little of it on a plate. I will not put too

much because of the fumes. I now dip this rod in sulphuric acid so

as to get a little on the end of it, and with this I touch the mixture

of chlorate of potash and sugar. The sulphuric acid liberates the

chloric acid, which gives oxygen to the sugar ; the sugar burns, and

an instantaneous light is obtained in this way. Captain Manby used

this process for firing off his safety mortars, and thus drew consider-

able attention to this mode of obtaining a light. An application of

this chlorate of potash and sulphuric acid to match-making was now
made. There were two applications ; one was older than the other.

The method which was first introduced consisted of having a little

bottle of asbestos. Here is one of the old kind, which many of us re-

collect. This asbestos is moistened with oil of vitriol, and the chlorate

of potash and sugar, instead of being separate, as I showed you there,

are put upon the end of the match, and you dip it in the sulphuric

acid, and the chlorate of potash and sugar mixture gets ignited, and

the light is got in that way. Well, that was the first application of

the old experiment of chlorate of potash and sugar. Then there was

another. I am sorry to say that I have only one or two of these an-

cient matches left, and they will soon be gone altogether. The plan

was to take the chlorate of potash and sugar, and wrap it up in a piece

of paper, and to have the sulphuric acid sealed up in a little glass glo-

bule inside the mixture. The mode of using it was, if you had a pair

of pincers at hand, to break the globule with them, and so ignite the

match ; but if you had not a pair of pincers in readiness, you did it
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between your teeth ; and if you were very clever, you might do it

without getting the sulphuric acid into your mouth, or burning it with

the explosion. This match had a great objection—that chlorate of

potash and sugar always go off violently, and the sulphuric acid in the

globule, although in small quantity, was spirted over the dress, and
destroyed the dress whenever it came in contact with it.

The first friction-match was introduced in 1832. The mode in which
these friction-matches were made, many of my hearers who lived in

1832 will recollect. I have a lively recollection of it. The mode was
this—sulphide of antimony was mixed with chloride of potash. Here
the sulphide of antimony gave sulphur, just as the sugar gave a com-
bustible to the chlorate of potash. This was put upon the end of a

piece of Avood, and the friction was produced by drawing this through
a piece of sand-paper. I have here some antique matches of all kinds,

which are now very valuable because they are very difficult to obtain.

My experience as a boy with regard to these friction-matches was
that with considerable adroitness you might get a light after pulling

off the ends of half a box ; and then when it did come, it came with

such violence and explosion that it projected a considerable quantity

of the ignited matter over the hands and burnt them. You might get

a light for 6d. or 3d. ; at least, that was my experience as a boy. My
seniors may have been more successful.

In 1834 the phosphorus-match was invented. In this, after a time,

sulphur became substituted for sulphide of antimony, and it was a

great improvement upon the old congreve. At first the phosphorus-

match was violent in its action, and it projected its melted materials

over the fingers unless you held it carefully, and the reason of that

was that nothing but chlorate of potash was used as the oxidizer. The
friction produced the heat necessary to ignite the phosphorus ; the

chlorate of potash gave it the oxygen, and it burnt violently. After

a time manufacturers learnt that it was better not to take chlorate of

potash by itself, but to mix it with some less energetic oxidizing agent,

—as, for instance, with saltpetre or nitrate of potash, or with peroxide

of lead, or with some agent less energetic than the chlorate of potash.

In this way the phosphorus-match became much improved in character.

The sulphur which was used to carry out combustion, and to get up
sufiicient heat to make the wood ignite, was also gradually substituted

in the better kind of matches by melted stearine. The wooden match
was dipped into melted stearine, and all possibility of fumes of sulphur

was in this way obviated. The common phosphorus-match became
gradually improved, and its use has now increased to such an extent,

that it may surprise you to know that there are some chemical works
in this country where they make nine million of matches daily. In
France and England alone 300,000 pounds of phosphorus are annually

made into matches, and as three pounds of phosphorus are sufficient

to tip five or six million of matches, you can conceive what a large in-

dustry this has become. But the larger the industry has become the

36*
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greater has been the evil with regard to the workers. On account of

the extreme cheapness of the phosphorus-matches there is a desire to

make them of the cheapest materials, and as this waxy phosphorus is

cheaper than this allotropic phosphorus, all the common matches are,

of course, made with the ordinary phosphorus. I show you a better

kind of matches, Avhich I hope all my hearers will encourage, which

are not made with the waxy phosphorus, but with the allotropic, or

brown phosphorus. You may easily know them by their brown ends.

The allotropic phosphorus fortunately answers equally well for the

purpose, and is not at all poisonous to the match-makers who have to

use it. There are two kinds of matches made with the allotropic phos-

phorus. One kind is made like the ordinary match, with the oxidi-

zing material, and the allotropic phosphorus mixed together and put

upon the end of the match. It, therefore, differs from the ordinary

kind only in the fact of its being made with allotropic phosphorus.

But there is another kind of match which has been manufactured, and

it is an exceedingly beautiful invention. Here the oxidizing material

alone is put upon the match, the phosphorus not being put upon the

wood. It is not, therefore, a match of the ordinary kind. You could

not get it to ignite in the usual way. Here the oxidizing material is

put upon the piece of wood, and the allotropic phosphorus is put upon

the friction-paper mixed with the emery. This piece of wood does not,

therefore, become a match until I take off a certain quantity of that

phosphorus along with my oxidizing material, by rubbing it upon the

paper upon which the emery and phosphorus are spread. The value

of that device is great, because there can be no accidental firing, as

in the ordinary matches. Trampling upon them, or leaving them too

near the fire, cannot make them ignite, because the match is not a

match until it is drawn over the sand-paper and takes up phosphorus.

Accidental ignition is thus prevented.

I now see that my hour is exhausted, although my subject is not

;

and I can only conclude by stating generally that although you may
consider the rather multifarious waste materials which we have brought

together and viewed in their general application to industry as at first

sight apparently repulsive, they lose entirely their repulsiveness when
you see them converted into these elegant utilities. Even those rags

which are made into these beautiful cloths, or the cotten rags which

are made into paper, have all undergone such a complete puri-

fication, and such thorough changes in their progress to utility, that

they may be worn or used with perfect safety, and they produce utili-

ties which are even elegant in their character. Therefore I trust that

I have shown you that chemistry in its economy produces objects of

great value from the most waste materials. I am going to ask you

in my next lecture to follow me in what Nature does in the same way,

and to show you that Nature allows nothing to be wasted, and that

all those substances which we regard as waste and repulsive become

useful materials under the transforming influence of natural causes,

and that thus nothing is lost in the economy of the universe.
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On an Electric Light Regulator. By M. Seriiin.

From the Lond. Mechanics' Masiazine, August, 1S62.

The electric light is quite a modern discovery. About the year 1730,
when it was first observed in England, it was possible to obtain only a

few phosphorescent gleams. In France, in Dufay's hands, these

gleams became sparks darting from the body and face of an electrified

person. These sparks then shone brighter in the Lcyden jar, and, as

the machines became more perfect, gradually developed into two great
discoveries of the age—the voltaic pile and electro-magnetic action

;

so that by means of electricity we now obtain the most dazzling light

and the intensest degree of heat. Hardly thirty years since, the lumi-

nous and calorific efi"ects of powerful batteries were first studied, and
contrivances are already devised for the p.urpose of rendering these

effects continuous and constant. M. Serrin's regulator, which we pro-
pose to describe, is one of the latest inventions, and is distinguished by
new and ingenious solutions of the chief difficulty of the problem.

Before describing the mechanism which gives a distinctive character

to M. Serrin's regulator, let us briefly indicate the general conditions

which a regulator of the electric light ought to fulfil.

There must be a pile having at least 50 Bunsen's elements of ordi-

nary size to produce a good light. 100 elements united in tension giv^
a more brilliant light; but this, again, is far surpassed by arranrfino-

them in two batteries each of 50 elements, so as to produce quantity.

It is well known that the current produced by such batteries is in

some degree like the lightning's stroke, and that there is real dano-er

in closing the circuit by touching the positive pole with one hand and
the negative pole with the other. Nevertheless, this energetic power,
incessantly reproduced, manifests its presence by no external siorn,

whilst it is propagated through a circle formed of thick metallic wires.

It shows itself with violence only on closing and breaking the circuit.

If sharply closed, only a bright light is seen ; if the circuit be suddenly
broken, a bright light is also visible, generally of a different aspect

;

but if the two wires, or rather the two bodies which should complete
the circuit, are made to approach each other, so that the circuit, pre-
cisely speaking, is neither wholly opened nor Avholly closed, then the
double phenomenon becomes permanent and the light extremely bril-

liant. No matter can resist this heat incessantly renewed, which is

maintained as long as the action of the pile lasts—that is to say, for
days together.

Thick rods of gold, iron, and platinum melt like sealing-wax, and
their vapors give various colors to the luminous envelopes which seem
to unite the two poles. Silica, alumina, and the greater number of the
most refractory substances, taken separately, are alike fused and vola-
tilized. There is, however, one substance—the only one, perhaps

—

which in some degree resists the action of this furnace, and which, by
a conjunction of favorable circumstances, is a good conductor of elec-

tricity (a condition indispensable to the object in view), can be fash-
ioned in any form, and is, moreover, neither rare nor dear. This body
is charcoal, such as concretes in gas retorts, or which can be prepared
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in pieces by particular processes. Round or square perfectly even

rods are made of it, about 30 centimetres long, and varying in thick-

ness from 5 to 10 or 12 millimetres. Two of these rods are adapted

at one of their extremities to suitable metallic pieces, one terminating

the positive wire, the other the negative wire of the* pile. These wires

of good red copper, from 3 to 4 millimetres in diameter, covered with

silk or cotton, may be several hundred metres, or even several kilo-

metres long, according to the distance between the pile and the ex-

tremities of the wire. The positive and negative charcoals are gene-

rally superposed vertically. Were their free extremities planed and
placed in perfect contact, the current introduced by means of the

commutator would not manifest itself; it would pass into the charcoal

as into the copper wire, -vyithout giving any outward sign of its pre-

sence. The circle would be completely closed.

But if in the apparatus or regulator containing the charcoals there

is an electro-magnet provided with a movable armature conveniently

disposed, the passage of the current would cause the armature to fall,

and this movement communicating itself, for instance, to the supporter

of the lower charcoal, would depress it from two to three millimetres,

whilst the supporter of the upper charcoal remains fixed. It is clear

that the free extremities of the charcoal being no longer in contact,

the circuit will be broken, light Avill burst forth, and that the pheno-

menon will persist, under the single condition that the circuit is nei-

ther completely closed nor broken—that is to say, beyond the limits

which the current can traverse.

The better to appreciate other phenomena, let us now carefully ex-

amine the eifects produced on the charcoals.

Charcoal resists fusion, but it is acted on by a kind of molecular

disintegration, which rapidly wastes it, the result either of the simple

action of the intense heat or the current itself, which tears off and

transforms the last material particles. The wear is unequal, that at

the positive being generally about twice as great as that at the nega-

tive. The combustion of charcoal by the oxygen of the air is of little

account, for no marked difference is observable when the charcoals are

kept in an atmosphere of nitrogen. It will be observed that the incan-

descence of the positive pole occupies more length than that of the ne-

gative, as if the latter underwent a less degree of heat. In consequence

of this destructive process, the space between the two charcoals be-

comes in a few minutes enlarged. At first only two or three millime-

tres, the distance soon increases to eight, ten, or even more, according

to the nature of the charcoal and the force of the current.

To observe these phenomena to the greatest advantage, we must

project on to a screen the image of the charcoals magnified eight or

ten times, when the light becomes supportable, so that observers can

study with facility the series of appearances which present themselves

in this focus of light and heat, apparently so constant, yet so agitated.

We cannot now enter into the details of the curious observations which

have been made on the impurity of charcoals, on the coloration of the

flames by the substances introduced into theni, on the fusion of bodies
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placed, not in contact with the charcoals, but in the intervening space.

We will confine ourselves to stating that the intensity of the light is

notably diminished by a kind of waster, which forms from time to time

on the point of the negative charcoal by the accumulation of particles

from the positive charcoal, as if by the current. These wasters disap-

pear and reappear at intervals, but they are very rarely observed with

certain charcoals and at certain degrees of intensity of the pile ; con-

sequently, careful selection of the charcoal must be made in order to

secure a more constant light.

The interval between the positive and negative extremities cannot

be indefinitely increased in the regulator, and for two reasons :—1.

The intensity of the current diminishes in proportion to the extent of

this interval. 2. The intensity of the light diminishes with the force

of the current. It is necessary, then, to limit the increase of the space

to prevent the diminution of the light. This is one of the most import-

ant and one of the most delicate functions of the regulator ; and for

this purpose M. Serrin's mechanism is unrivalled in ingenuity. It is

evident that the electro-magnet previously mentioned is the regulator

of the motive power to coadapt the charcoal ; but this adaptation is a

very complex process. 1. The centre of the focus of light must remain

at the same level. 2. The charcoals must not come into contact, as the

circuit would then be completely closed and the light extinguished, at

least for a moment. 3. The movement must be made exactly at the

right instant ; that is to say, before the current has undergone a cer-

tain, hardly perceptible, diminution.

It is especially in accomplishing the last condition that M. Serrin's

regulator acts with unequalled precision.

The armature of the electro-magnet can be likened to the scale of a

balance with a fixed weight, of which the balancing space is limited to

3 or 4 millimetres by tangent screws, and which, instead of having

counterweights on the other side, are supported by two springs, one

fixed nearly in equilibrium, while the other receives a variable tension

by a movement of the screw. Such a scale is easily made to descend

by the superaddition of 10, 20, or 30 grammes, according to the de-

gree of tension to be given to the second spring. Such is the principle

on which M. Serrin has formed his ingenious apparatus. His armature

is connected with all the supports of the negative charcoal, and oscil-

lating vertically and freely within the narrow limits of 3 or 4 milli-

metres, the two springs keep it raised, and the superaddition making

it descend is the attractive force of the electro-magnet. This force de-

creases with the force of the current ; consequently it decreases when
the charcoals, from being worn away, leave too great a space between

them, and the light begins to fade.

The variable tension of the spring is, in fact, regulated by this da-

tum. The instant this minimum is reached the scale ascends ; that is to

say, the spring raises the armature, the surcharge due to the electro-

magnetic force having become insufficient to restrain it.

These improvements seem to us all the more important, since M.
Serrin, in constructing his regulator, has succeeded in uniting the
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freedom and accuracy of the automatic movements with a solidity

which excludes all accidental causes of derangement.

We have proved that this apparatus is not less fitted to receive the

induced current proceeding from powerful magueto-electric batteries

set in motion by a steam engine of three or four horse power. In this

case, the current is not continuous, but alternately positive and nega-

tive. There is no need of much complication in these batteries to rec-

tify the current, leaving it in its original uncontinuous state ; but in

this case rectification is useless, the regulator adapting itself perfectly

to the disconnectedness and to the alternation.

—

Comptes-Rendus.

The Fatal Boiler Explosion near Wigan.
From the Lond. Mining Journal, No. 1409.

The inquest on the bodies of Robert Hilton and Peter Chadwick,

two men killed by the explosion of a boiler at the Scott-lane Colliery,

Blackrod, near Wigan, worked by Messrs. Woods and Son, was re-

sumed on Monday, before Mr. Price, deputy county coroner. The
boiler was one of a series of six, placed down, according to the evi-

dence of John Smethurst, the colliery manager, five years ago. The
boilers were all new, were made by the Haigh Boiler Company, and

were considered of excellent construction. The exploded boiler, sit-

' uated close to the colliery, was used for the purpose of winding coal

during the day, and for pumping during the night. On the evening of

the 9th inst., about 9 o'clock, Robt. Hilton (the engine-tender), Wm.
Hunter (the fireman), and Peter Chadwick (a farm laborer), were seated

in the fire-hole, immediately in front of the boiler, which was one of

the pair in the centre of the half-dozen above named, and of an egg

shape, when it exploded. One of the plates near the fire-hole was

forced completely ofi", and the boiler was divided into two portions,

one of which was thrown into the fire-hole, and the other, about 4 tons

in weight, was forced against the chimney in connexion with the boiler,

which was knocked down by the concussion. The brickwork was scat-

tered in all directions, doing considerable dainage. The engineer was

killed on the spot, and Cliadwick, who had visited the works for chat

and pastime, was so severely injured that he died on the following day.

The fireman escaped with some serious injuries, from which he had so

far recovered as to be able to give evidence at the opening of the in-

quest on the 11th inst., when he stated that on the Thursday evening he

examined the water-gauges and safety-valves on the six boilers, and

found them all right ; and Hilton, the deceased engineer, examined

the gauges a few minutes before the explosion. The glass on the

boiler which exploded showed 6 ins. of water, which made 18 ins. above

the fire. The inquest was axljourned for the attendance of Mr. Dick-

inson, the Government Inspector. Smethurst, the manager, said

Hilton w\as a very careful and experienced man. Seven months ago

the exploded boiler was repaired by Messrs. Scholes and Schofield, of

Wigan. They put in two new plates over the fire-place, in two sepa-



The Fatal Boiler Explosion near Wigan. 419

rate laps, but adjacent to each other. The boiler was worked at a
pressure of from 40 to 50 lbs. to the square inch above the atmospheric

pressure, and was supposed to be able to stand a pressure of 150 lbs.

He was of opinion that the cause of the boiler exploding was from the

iron between some of the rivets having corroded, and that the corro-

sion had been going on for some time.—Mr. Joseph Dickinson, Gov-
ernment Inspector of Coal Mines for this district, said : On Monday,
the 11th inst., he examined the boiler which exploded at the Scott-

lane Colliery, and found the state of things as described by the wit-

nesses, and, so far as his examination of the material used went, he
saw no cause to account for the explosion. He detected no corrosion

or anything from which it could be said that there had been any un-

perceived crack going on. On consideration, however, he thought that

such might have been the case. As to the steam-gauges, they were
not, perhaps, in accordance with the strict letter of the Act regulat-

ing coal mines, that Act requiring that there should be a steam-gauge
attached to each steam-boiler. AVhen that Act came into operation, it

was the exception, not the rule, to find any steam-gauge whatever
attached to colliery steam-boilers ; and, although not strictly literal,

it had been held that, Avhen the boilers were attached to a proper gauge
by a pipe specially for that purpose, and not on the steam-pipe which
supplied the engine, it was sufficient compliance with the requirement

of the Act. In this instance, the boilers were fitted up with greater

care than was to be met with in the majority of collieries ; and the late

explosion he should attribute to pure accident. He should regret,

however, to see it put down in the list of mysteries, so often attributed

as the cause of boiler explosions. There must be a cause, and he was
of opinion that the sooner they ceased to be looked upon as mysteries

the sooner the true cause would be ascertained. Up to the present

time it had been looked upon by the boiler makers, well known and of

good standing, and also by many of our leading engineers, that the

thickness of the plates of similiar construction to the exploded one was
quite sufficient for the pressure which it had to bear, and he did not

feel himself at liberty to set his individual opinion against such concur-

rent testimony. He had, however, given the subject some attention,

and he found that, although such a construction of boiler is admissible

in this country, it was prohibited by law in Belgium. He had a copy
of the laws under which the mines in Belgium are required to be worked
[Nouveau Code des 3Iines, 1816, et Supplement, 1852), and he found
that the thickness to be given to the plates of cylindrical boilers is ex-

pressed by the formula T = D (p—1) 1-8+3; T being the thickness

expressed in millimetres, D being the diameter of the boiler expressed in

metres, and p pressure of the steam expressed in atmospheres (the pres-

sure of steam in the boiler being one atmosphere above that usually

indicated by steam-gauges in England). By this formula, he found
that the plates for the exploded boiler ought to have been 0-46 of an
inch in thickness, when in reality they were only 0-375. The Belgian

law also prohibited any boiler from being worked with plates of a
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greater thickness than 14 millimetres, which is equal to about 0-55

inch. With measures in English, he had a made a formula, -which

gave similar results to the Belgian one, the formula being as follows

:

^

—

^Y^ ^ ; T being the thickness of the plates in inches, D

the diameter of the boiler in feet, p the pressure of steam above the

atmospheric pressure. Applying this to the exploded boiler gives

— = 0-46 inch as the thickness which the plates should have

been (or the same as with the Belgian rule), instead of 0"375, the

thickness of the plates of which the boiler was made. He gave this

Belgian law, as it was manifestly at variance with the thickness at

which boilers are worked in this country, and he trusted that the mat-

ter would receive further attention from our engineers, as it might

result in uniformity of practice. In the manufacture of iron, it was
impossible to get plates always of a uniform strength, and it was al-

ways better to have the plates a little stronger, to meet such cases as

the one under notice, it being quite possible that the very large margin
which engineers allow for safety is not sufficient, and may be the cause

why so many explosions take place without any assignable reason.

The practice of piecing boilers must also tend to cause a difference in

the contraction and expansion of the new and old parts. Making
them partly of Low Moor, and partly of a different kind of iron, will

also give rise to different amounts of contraction and expansion, which
might be avoided if boilers were constructed of uniform quality and
thickness.

The jury expressed themselves fully satisfied with the explanation

given, and returned a verdict of "Accidental Death."

Table of Thicknesses for the Plates of Cylindrical Boilers of Iron or Copper, calcu-

lated according to the Belgian and Mr. Dickinson's Formulas, as given in the

above evidence.

Diame- Pressure of steam in the boiler, being the pressure over and above the

ter of

Boiler.

atmospheric pressure, per square inch.

10 lbs. 20 lbs. 30 lbs 40 lbs. 50 lbs. 60 lbs. 70 lbs. 80 lbs. 90 lbs. 100 lbs.

Feet. Inch Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch.

3 0-17 0-21 0-25 0-29 0-33 0-37 0-41 0-45 049 0-53

4 0-19 0-24 0-29 0-35 040 0-45 0-51

.5 0-20 0-27 0-33 0'40 0-47 0-53

6 0-21 029 0-37 0-45 053
7 0-2.3 0-32 041 0-51
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FRANKLIN INSTITUTE.

Proceedings of the Stated Monthly Meeting^ Nov. 20, 1862.

John Agnew, Vice President, in the chair.

Isaac B. Garrigues, Recording Secretary.

The minutes of the last meeting were read and approved.

Donations to the Library were received from the Royal Society

and the Society of Arts, London ; the Smithsonian Institution, Wash-
ington, D. C; the Regents of the University of the State of New
York, Albany, and the Chamber of Commerce of the State of New
York, City of New York; W. H. B. Thomas, Esq., Mount Holly,

New Jersey; and Philip Price, Esq., and George M. Conarroe, Esq.,

Philadelphia.

A donation to the Cabinet of Models was received from G. Taglia-

bue, City of New York.
The Periodicals received in exchange for the Journal of- the Insti-

tute, were laid on the table.

The Treasurer's statement of the receipts and payments for the

month of October was read.

The Board of Managers and Standing Committees reported their

minutes.

Several resignations of membership in the Institute were read and
accepted.

Candidates for membership in the Institute (15) were proposed, and

the candidates (6) proposed at the last meeting were duly elected.

Mr. Warren Rowell, of New York, addressed the meeting on the

subject of Superheated Steam as follows

:

Some years since, Mr. James Frost, of Brooklyn, N. Y., advanced

the theory that a cubic inch of steam when heated apart from water

increased to two cubic inches by the addition of 4° of heat, that is, a

cubic inch of steam formed at 212° Fahr., increased to two cubic

inches at 216° Fahr., and then by the addition of 12° more, the vol-

ume was increased to three cubic inches ; or in other words, three

times the power was obtained by this superheating with the addition

of 16° of heat. This supposed elastic vapor he called stame. The ex-

periments of Mr. Frost were examined and reported upon by a com-

mittee of the American Institute of New York, composed of Profes-

sors James Renwick, H. Meigs, and H. R. Dunham. The committee

in their published report say:—"The experiments described by Mr.
Frost, of which a sufficient number were witnessed by the committee,

enable them to assert that there is no reason to suspect any fallacy

in their results. ***** That previous to the experiments of Mr.

Frost, it was held and admitted by all scientific men that the vapor of

water obeyed the law of Gay Lussac, that it increased in volume 4^^
for every increase of 1° Fahr. The accuracy of this law has recently
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been called in question. ***** The experiments of Mr. Frost
under consideration show that it is veryfar from being true in regard
to dry steam," &c. The following experiments are intended to show
that Mr. Frost was simply mistaken :

I have here a bent glass tube like the annexed drawing (fig. 1), the

long arm of which is 12 inches long, and the short one 3 inches, with

from \ to f-inch diameter of bore, and closed at the short end, A. In
preparing the tube after the directions of

Mr. Frost, I put in a drop or two of water,

and allow it to flow to the closed end, a, of

the tube by tipping it up. Then I put in

mercury enough to fill it from the point a
to B. The tube is now placed in a saturated

solution of boiling salt water of 228° F., so

that the point of the tube, A, will be about
one inch below the surface. In a short time

steam will be formed in the point of the tube

at A, and displace the mercury from the short

leg, and the excess of water converted into

steam will escape past the column of mercu-
ry in the long leg of the tube ; it will take some time for the excess

to boil out. The tube is then lifted out of the boiling water, and an
inch of mercury is added, filling the tube to the point C. If you place

the tube in boiling water at 212° F., there will be one inch of steam
in the short leg of the tube. If you now add salt little by little until

it takes 216° F. to boil it, there will be two inches of steam in the

tube ; then keep adding salt until the water is saturated and boils at

228° F., and there will be three inches of steam in the tube. Thus
showing, according to Mr. Frost's theory, the additional two inches of

steam by the 16° addition of heat.

Now I take a tube just like the one described, and fill it with mer-
cury to the point c. I then take a small wooden rod, smaller than the

bore of the tube, about 12 ins. in length, with a piece of flat platina wire

about 5*0^'^ ^^ ^^ mch. in thickness, j'gth of an inch in width, and 5 ins.

long, and attach it to the rod with a piece of thread (like fig. 2) ; the free

end of the wire I bend over so as to make it hold a piece of fine sew-

ing cotton about |th of an inch in length ; this cotton thread is wetted

in water, and thrust down through the mercury in the tube up to the

point A, the capillary attraction of the thread preventing the pressure

of the column of mercury from displacing the water. I now place the

tube in the boiling salt water at 228° F.; as soon as an inch of steam
is formed I withdraw the wire quickly. It is somewhat diflicult to get

the exact quantity of water to make an inch of steam without two or

three trials. Having obtained the inch of steam at 228° F., now place

the tube in boiling water at 212°, and you have an inch of steam less

the diff'erence in volume for the difference of heat, according to the

law of Gay Lussac an'l of Dulong and Petit, or about one-thirtieth of

an inch diminution in volume. Thus showing that Mr. Frost had in

his tube more water than would make an inch of steam at 212° F.
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To show still further the fallacy of this " stame," I take a tube like

fig. 3, having the short leg 4 inches long and 1 inch bent over at a

right angle, and filled with mercury to the point r. Now, I wet the

thread on the end of the wire, thrust it through the mercury to the

short bend, and put it in boiling water at 212° Fahr., and in a few

minutes you will have two inches of steam in thg tube, and the mer-

cury is in equilibrium. I now put two inches more jnercury in the tube

to the point g, and on placing it in the boiling water you will have

only one inch of steam filling the short bend, and the mercury is

still in equilibrium. I then fill the tube with mercury to the point H.

Now put it in boiling water, and it might be kept there a long

time without making any steam at all, showing how fine a point there

is between steam and water. Again, I place the tube in boiling salt

water at 228° F., and you see that the tube is filled with steam to the

point I, making 5 inches steam. Thus conclusively showing that Mr.
Frost had more water than would make an inch of steam at 212*^ F.,

and that his tube was simply a mercury steam-gauge, and only wanted

the additional heat to give it the additional pressure and volume.

The idea of wetting a small piece of thread, and thrusting it under

a column of mercury, is, I think, an entirely new way of getting a

specific amount of water under pressure, and enables any one to as-

certain all the facts in regard to the law of the increase of the volume

of steam by the increase of heat with perfect success.

By these demonstrations you will see why there have been such

small results from the attempts at superheating, while so much was
expected. The reason for using a.platina wire in the foregoing expe-

riments is, that the mercury does not amalgamate with it, and an iron

wire would scratch the glass tube, and render it liable to crack by the

changes of temperature.

Dr. G. Emerson exhibited a number of specimens of Cotton on the

stalks, and made the following remarks

:

In a pamphlet published by me last Spring, on " Cotton in the

Middle States, with directions for its easy culture," I stated that this

plant, which has played such an important part in our history, was
first introduced into this country and came into notice on the Penin-

sula between the Delaware and Chesapeake Bays, in about the 39th
degree of latitude. From hence it passed into Western Maryland and
Virginia, and so went South, where its culture ultimately became enor-

mously developed. Though never entirely given up in the lower coun-

ties of Delaware and Maryland, the culture was always limited to

•what was wanted for domestic use. I have frequently seen families

•who came from those counties, with their dresses and bed clothes made
of cotton of their own raising, spinnin^xj and weaving. I therefore

knew that cotton had been raised in this portion of the Middle States,

and could be raised again, at a time when it would pay better than

any other crop. Having land in the lower part of Kent County, Dela-

•ware, which I thought well adapted to produce cotton, I determined

to make an experiment. I succeeded in obtaining through the Patent
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Office at Washington, enough seed to plant several acres. This was

procured from North Carolina.

I also obtained from a friend in this city a small quantity of seed

from Tennessee, and was so fortunate as to get a handful from a poor

colored man, who had raised a small patch of cotton in 1861, near

Camden, Delaware. This last seed had become acclimated to the

place where I intended planting it, as the colored family had culti-

vated cotton from time immemorial, using it for their clothing.

In the middle of May I planted the three kinds of seeds mentioned.

All were of the Upland or Green Seed short staple varieties. The wet

and cold Spring, which all must remember, was very unfavorable to

the young cotton, the tenderness of which plant, when young, exceeds

that of all others put into the open field. It seems to be extremely

averse not only to cold air, but to water, and hence where I put it

upon tenacious soil, where the water could not pass through quickly,

the young cotton was killed. Much of my seed was unfortunately put

in unfavorable situations, where it shared the same fate as corn simi-

larly placed. Thousands of acres of corn have been this season de-

stroyed on low lands, in consequence of the excessive rains of Spring

and early Summer. I found this year little difference between the

stand of cotton and corn. Where planted on an open and dry soil,

both succeeded equally well ; and where placed in unfavorable situa-

tions, both perished. The early working of both crops even in the best

locations, was interfered with by the frequent and successive rains.

But notwithstanding these drawbacks in the early part of the season,

the cotton developed well when on^ suitable land, and has required no

more care than corn, scarcely as much. On the 19th of July, nearly

two months after planting, the cotton was only 6 to 9 ins. high. The

first flowers I observed on the Tennessee and Delaware on the 12th

and 13th of August. These speedily fell off, leaving young bolls at

the bottom of their calices. In the middle of September the Tennessee

plants exhibited great vigor, some of them being over five feet high,-

filled with long side branches, the bolls on some of which were nearly

the size of hen's eggs. The plants continued their slow process of

flowering and putting out new bolls until killed by severe frosts, Oct.

21st. The first bolls opened on the Delaware cotton on the 5th of

October. Those on the Tennessee and North Carolina did not begin

opening until about the 20th of October. They are still opening on

the branches, and I expect to be picking out the cotton till Christmas.

The yield has exceeded my expectations, the bad effects of an unpro-

mising Spring having been more than compensated by an unusually

favorable Autumn. I am not able to say how much I shall obtain from

an acre of North Carolina cotton, but think it may be equal to Avhat is

usually gathered from ave'^'ge lands in the State from whence the

seeds were procured. I have no fear of losing by my first trial, even

if cotton falls to one-fourth its present exorbitant price. The experi-

ence I have gained affords in itself an ample compensation for the

outlays and trouble, as it has shown me what may be done another

year to secure much better results. I am clearly of the opinion that
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for some years to come small crops of cotton may be raised to great

profit by farmers in the southern portions of the Middle States, where

the soil is favorable to the development of the plant. Should this

course be extensively adopted, the amount produced by numerous

farmers raising small crops, and with but little interference with ordi-

nary farm Avork, would result in a large aggregate, which would do

much towards relieving the country from the disastrous effects of a

sectional cotton monopoly.
The qualities of my cotton have received the highest commendation

from cotton merchants and manufacturers. One of these from Boston

says :
—" The samples of cotton I have shown to many good judges,

and they were all much pleased. All pronounced the samples to be

quite equal to the best of Upland Georgia cotton. I have bought cot-

ton pretty largely for several years, and I do not remember to have

seen any Upland cotton superior in length, strength, and fineness of

staple."

The aids furnished to agriculture in general by modern discoveries

of concentrated manures, promise great assistance to the cotton grower

in the Middle States. Some of these exert a remarkable effect in hast-

ening the maturity of crops. One which I have been using extensively

for many years has always caused my corn to ripen at least a fortnight

earlier than it would on ground where none was applied. The same
efi"ect must doubtless be exercised upon cotton, and I think two weeks

earlier maturity may be claimed from such agency. This would raise

the limits of the cotton culture at least one degree of latitude. My ex-

perience the present season justifies this conclusion.

Mr. Howson, of the Committee on Meetings, exhibited a Family

Bible, published by C. H. Yost, of this city. Adjacent to the pages

usually bound in the book for the registration of births, deaths, ifcc,

are arranged in sheets any convenient number of card cases, such as

contain the ordinary photographic albums, in which may be inserted

the photographs of the different members of the family.

Mr. Turner Hamilton exhibited a number of postage stamp Porte

Monnaies, manufactured by himself, in a variety of styles.

A patent Coal Oil Pyrometer, invented by G. Tagliabue, of New
York City, was exhibited. The vessel containing the coal oil, the

quality of which is to be tested, is placed in a reservoir of water,

which is heated by a small spirit-lamp. A thermometer, the bulb of

which is immersed in the oil, indicates the temperature. Openings in

the lid of the vessel containing the oil are provided with lids, which

are removed at the proper time to admit., atmospheric air, which, com-

bining with the gas generated from the on, form an explosive mixture.

A taper is introduced from time to time into a tube projecting from

the top of the vessel, and when the gas and air have combined in the

proper proportion, the mixture is ignited by the taper and explodes,

the height of the thermometer at the moment of the explosion indi-

cating the quality of the oil.

36*
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A Comparison of some of the Meteorological Phenomena of Oct., 1862, with those

of Oct., 1861, and of the same month for twelve years, at Philadelphia, Pa.
Barometer 60 feet above mean tide in the Delaware River. Latitude 39° 57^ N.;

Longitude 75° 10^' W. from Greenwich. By James A. Kiekpatrick, A.M.

1

October, October, October,

1862. 1861. 12 Years.

Thermometer—Highest degree. 86-0° 88° 90-0°

" " date. 8th 6th 4th, 1853
" Warmest day—Mean, 76-5 78-3 78-3

" " " date. 4th 6th 6th, 1861
" Lowest degree, 350 34-0 28-0

" " date. 28th 28th 25th, 1856
" Coldest day—Mean, 430 43-5 35-8

" " "' date, 27th 28th 27th, 1859
" Mean daily oscillation. 15-.31 16-94 15-73

" " " range. 5-48 5-28 5-55

" Means at 7 A. M., 52-70 54-32 51-40

2 P. M., 64-29 66-61 63-43

9 P. M., 56-98 58-69 55-62

" ' for the Month, 57-99 59-87 56-82

Barometer—Highest—Inches, 30-201 in. 30-452 in. 30-452 in.

" " date. 24th 25th 25th, 1861
" Greatest mean daily press.. 30-118 30-378 30-378
" " date. 24th 25th 25th, 1861
" Lowest—Inches, 29-307 29-469 29-012;
" " date. 27 th 30th 26th 1857
" Least mean daily pressure, 29-492 29-526 29-059
" " date, 27th 30th 26th 1857
" Mean daily range. •151 •166 -146

" Means at 7 A. M., . 29 865 29-945 29-931

2 P.M., 29-825 29-893 29889
«' 9 P.M., . 29859 29-926 29-911

" " for the Month, 29-850 29921 29 911

Force of Vapor—Greatest—Inches, •695 in •731 in. •731 in.

" " " date. 6th 7th 7th, 1861
" " Least—Inches, •133 •122 •065

" " " date. 27th 28th 21st, 1859
" " Means at 7 A. M., •340 •373 •320

" " 2 P. M., .378 •415 •352

9 P. M., •3^5 •410 •328

" " " for the month, •361 •399 •333

Relative Humidity—Greatest percent., 97- per ct. 97-per ct. 97- per ct.

" " " date, 2d 19th Often.

" " Least per cent. 33- 33. 23-

" " " date, 22d 28th 21st, 1859
" " Means at 7 A. M., 79 5 81-4 78-6

2 P. M., 59-7 59-7 57-0

9 P. M., 73-5 76-5 73-7

" " " for the month, 70-9 72-5 69-8

Clouds—Number of Clear days,* 12 10 9-5

" " Cloudy days, 19 21 21 5

" Means of sky cov'd at 7 A. M., 53-9 per ct. 69-7 perct. 56 5 perct.

2 P. M., 51-9 fil-0 54 6

" •' " 9 P. M., 49-3 48-1 40 4
" " " for the month, 51-7 59-6 50-5

Rain—Amount ij^ inches. 4-160 in. 3-597 in. 2 964 in.

Number of days on which Rain fell. 11- 10- 9-

Prevailing Winds, n73°30'w.-163 n75°10'w-211 N.73°39'w-242

* Less than one-third covered at the hours of observation.
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